UNCLASSIFIED 


AD  NUMBER 


AD427874 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JAN  1964. 
Other  requests  shall  be  referred  to  Army 
Biological  Labs . ^  Fort  Detrick,  MD. 


AUTHORITY 


REDCOM  Itr,  3  Mar  2011 


THIS  PAGE  IS  UNCLASSIEIED 


DEFENSf- 


ClENfIfIC  AND  TECHNICAL  INFORMATION 


C.iMfBtW  SI’itlON,  AIEKANORU,  VIBGINIA 


IT 


CLASSIFIED 


Best  Available  Copy 


NOTICE:  Vhen  government  or  other  dravingo,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  inctirs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


PROCEEDINGS  OF  THE 
2  FIRST  DEFOLIATION  CONFERENCE, 

29  -  30  JULY  1963 


JANUARY  1964 


UNITED  STATES  ARMY 
BIOLOGICAL  LABORATORIES 
FORT  DETRICK 


Best  Available  Copy 


U.l.  AKMY  IIOLOOIOAL  UKOKATOHIKIi 
Fort  Dttriok,  Fradarlek,  HaryiNtid 


PROOIIDINOI  OP  THI  FIRST  DRFOLIATION  CONFIRINCI 
2900  July  1963  .. 


^  by 

VtitA  I.  HRfcctc  , 


y 

Crop»  Dlviiion  ’  ,/ 

OZRBCTOR  OF  BIOLOGICAL  RESEARCH 


ProjMC  1CS22301A06101 


Best  Available  Con>' 


1 


3 


FOREWORD 


Thli  conferflnco  !•  th«  flrit  of  a  propoied  aoriai  ot  confarencoa  to 
brldR  ’oBfthar  all  oontraotora  and  ^jovernmant  paraonnal  who  ara  working 
In  iupport  ol  (;h?i  Defoliation  Program  for  the  pucpoae  of  aummarlalng 
rindlnga,  dlacnaalng  piobUma,  and  exchanging  ideaa.  The  combined  efforta 
of  Induatry  and  government  In  diacuaalng  problema  of  mutual  Intareat  and 
exchanging  Ideaa  could  reault  In  (a)  a  tresh  approach  In  aolvlng  probloma 
and  Improving  programa,  (b)  new  potential  harblcld's^  chetnlaala  of 
apwotflc  value  to  the  military  program,  and  (c)  new  coimnercUl  p?.,*Hiicta  for 
futuri?  marketa. 

Thla  meeting  anahlea  Induitry  to  keep  abreaat  of  our  In'.houae  hwiio 
r<»fl»ftrch  a-^i:lvltlt«B.  It  prevldei  aooeaH  to  aclentlfU  p«p»f«  and  data  not 
yei  piibllah^^d,  It  enablea  government  paraonnel  to  redefine  the  pi»»Je«ativei 
of  the  llenearch  and  Development  Program  nn  defoliation, 


‘tIU.  . .  m  '  °  .  ..‘r*!!;’'* 

lUoloftUal  Uhot^tMi-lea,  Kmphaala  (J  glvan  to  ili  iHf'WUNiillliiihi^^J 
progreifi  f.f  ayntl’^'biN  and  ficrt;»iMtni  of  oandtilatu  defoliant  coinpriFu 
cmntract-  and  iM“luu»aa  Itaaif  af?idii»e  in  the  liiwyhenlaiii  ('f  leaf  aiifnitaalon, 

Prc-greaa  In  '^vniliiiaia  and  evaluation  of  d«rullanl  eotlvUy  of  new 
chemlcela  ia  rsiv,„>'<WBd  l»y  ountractora  affiliated  with  the  riafpllatlon  program. 

I'm  flu'iiril  itf  1  hh  hlulngicaj  Uheracnr|H«  and  other  hraiiPhra  oi  gnvern- 
iiirut  I  ho  Mi;  ;,u'tivua  of  the  prOrtram,  Buppiv  hankgrfjiind  lufornietlon 

dHilug  fr. . in  Wu'Md  ll.  and  dlaouaa  phaNBin  ot  lu-huuBe  re(‘r';/rch  ronalitlng 
of  lui '  ui.luci  .»ry,  pi;:r«iry,  and  leoor.dary  Murpanlng  lu  greunhnuae  and  rioldj 
eiaii.vl  ciipl  |..Bi  l.u^ni  Cfiulpment  na  I  Ihrai  luo',  laHnnumlt;.  h  I  .u  <unnl  ow  I ,  aud 
phva  1m|  I  'f  1  I  ni ‘.1; :  1^,0 1  I -.Mia  i  furmuUl  |uu  Miudiiib,  uu.l  -.i  i  mk' ti  vl  ty 

I'p  |(3 1  I  tnali  I  p . 
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T.  IMPORTANCE  OF  DEFOLIATION  IN  COUNTERINSURGENCY  OPERATIONS 

General  Fred  J,  Dolmore'*' 


Colonel  Caito  and  Ganeletnan.  I  conilder  thli  really  an  opportunity  to 
ba  Witt)  you  today,  for  lavcral  raaaona.  Pint,  I  think  that  this  meeting 
will  allow  all  the  people  who  are  engaged  In  the  program  to  exchange  Ideas; 
and  secondly,  perhaps  In  this  exchange  of  Ideas  It  will  then  be  possible  to 
proceed  on  a  straight  line  so  that  we  can  achieve  our  objectives  In  a  more 
efficient  nvtnncr  and  In  a  shorter  time. 

When  I  heard  of  this  particular  meeting  with  Dr.  Mlnarlk  and  Colonel 
Casto,  1  felt  It  so  Important  that  1  flaw  In  here  this  morning  to  sea  you 
and  talk  with  you  even  though  1  must  fly  out  again  this  morning  to  take 
care  of  other  things  back  at  headquarters.  1  will  not  be  able  to  meet  you 
Individually  now,  but  I  am  going  to  try  to  come  back  here  again  this  evening 
if  I  can. 

Now,  why  do  1  think  that  this  program  Is  excewdlngly  important >  why  do 
1  make  sc  much  of  It?  I  had  the  opportunity  of  seeing  firsthand  some  of 
the  work  that  has  been  done  In  Southeast  Asia.  I  spent;  f],ye  months  in  that 
tree  In  connection  with  this  program.  I  saw  firsthand  what  thla  particular 
endeavor  can  do  and  what  its  potentials  ara  for  the  future,  end  I  was  slso 
able  to  judg«>  for  mysalf  what  la  atlll  needed  In  order  that  some  of  those 
potentials  n«y  be  exploited.  I  will  try  to  give  you  these  on  an  unclaasl'* 
fled  basis. 

As  long  as  we  have  known  war  or  conflicts  In  the  field,  one  of  the 
principles  of  these  engagements  and  conflicts  has  been  "cover  and  conceal¬ 
ment."  The  soldier  learns  sarly  In  his  career  to  take  cover  and  to  conceal 
if  ha  Is  to  accomplish  what  ho  has  aet  out  to  do  and  save  his  own  Ufa. 

The  tactics  of  World  War  II  gradually  seem  to  be  going  into  the  past,  a  lot 
of  them,  and  nr-w  Id^as  and  new  tactics  are  coming  Into  vogue,,  In  which  the 
guerrilla  type  Is  of  great  Importance.  All  you  have  to  do  Ls  to  pick  up 
the  book  written  by  Dr.  Fall,  "The  Street  Wltliout  Joy,"  which  Involves 
Route  1,  the  main  highway  from  Hanoi,  North  Vietnam,  all  the  way  down  Into 
Soutli  Vl^-tnam,  and  you  will  get  somt*  idea  of  what  all.  tlnais  gunrr  1 1  la  tsctlcH 
ar-.  <iboiii  ,  Howevoir,  even  II  you  read  this  and  study  it,  and  you  study  It 
again,  you  will,  find  chat  the  tactics  that  are  being  used  today  are  a  little 
bit  dlffeont  c.lian  those  being  ust^d  In  the  French  Indochina  War,  When  South 
Vl-itnam  bocamo  Involved  In  this  present  situation,  one  of  th'4  things  they 
had  to  was  ambush.  All  the  way  on  up  through  ',^9.  '60,  and  '61  the 

ambush  was  on  the  Lnereaso,  and  It  became  so  dcsprjratn  that  the  governm<*nt 
turned  to  any  mttans  possible  In  order  to  be  able  to  cope  with  this  particu¬ 
lar  sltuarlon.  assisted  the  government  of  South  Vintnam  only  In  advice, 
vrd  again  to  supply  some  of  the  materials  in  countering  these  ambushes, 

*  (  imincndlrj:  i^ny*!,  U-S.  Army  Edgewood  Arsenal. 
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Conild«)r«bl«  research  has  gone  on  in  these  Uborstorlns  in  tlie  usu  o£ 
chemicsls  that  could  attack  vegetation  In  order  to  preclude  concealment. 

Some  criticism  resulted  from  the  use  of  these  chemicals  at  first.  Well, 
perhaps  with  anywhere  from  30  days'  to  60  days'  time  required  to  do  the  Job, 
and  the  high  amounts  needad,  the  cost  perhaps  was  high.  The  people  in  the 
field  became  impatient  and  certainly  could  not  wait  for  30  to  60  days  to 
destroy  the  cover  and  concealment  of  these  guerrillas,  and  some  criticism 
resulted.  We  were  able  to  dispel  a  considerable  amount  of  this  misconcep¬ 
tion  by  bringing  the  program  back  into  proper  perspective  last  year.  How¬ 
ever,  the  need  still  exists  for  better  agents  and  this  is  the  reason  that 
you  are  meeting  here  today.  The  need  still  exists  to  get  herbicides  or 
organic-type  compounds  that  will  do  the  job  in  a  quicker  period  of  time 
than  we  are  able  to  do  at  presant.  The  man  in  tha  field  would  like  to 
destroy  concealment  in  a  matter  of  hours.  I  am  not  going  to  say  your  objec¬ 
tives  are  hours  and  I  am  not  going  to  say  it's  days  or  whatever,  but  it 
must  be  shortened  if  the  program  is  to  succeed  for  future  operations.  And 
remember,  today  we  are  not  engaged  in  a  war  in  Southeast  Asia,  wa  are  only 
advisors  assisting  that  country  to  carry  on,  but  tomorrow  morning  perhaps 
we  may  be  engaged  in  similar  type  operations,  not  over  there,  but  perhaps 
in  some  other  part  of  the  world.  Wa  never  know  when  this  is  going  to  happen. 
We  are  in  need  right  now  of  chemicala  that  will  do  the  Job  at  an  earlier 
time,  and  in  a  quicker  period.  Now  there  is  no  question  that  field  commanders 
will  accept  something  that  ^an  dastroy  cover  and  concealment  for  many  reasons; 
for  anti-ambush,  for  spot  firing,  to  clear  lanes  of  fire,  to  expose  logis¬ 
tical  installations,  or  for  many  other  uses.  But  he  needs  it,  he  wants  it, 
but  not  in  the  present  state.  We  must  have  an  improvement  not  only  in  the 
Ingredient  but  also  in  tha  type  of  dispersion  that  is  involved. 

Now  this  is  another  part  of  the  story  you  are  probably  not  involved  in; 
the  hardware  part  of  this  thing.  X  don't  know.  You  are  involved  in  the 
ingredient  that  will  bring  about  tha  results,  and  this  is  the  important 
part.  We  must  get  it  so  it  not  only  acts  quickly,  but  it  must  be  logisti¬ 
cs  lly  feasible,  The  toxicity  gets  a  great  amount  of  play.  This  is  a  big 
problem.  The  problem  is  to  make  sure  it  is  perfectly  innocuous  to  man  and 
animal  and  at  tha  same  time,  will  do  its  Job.  But  1  leave  chat  to  you  people 
to  reach  this  particular  objective.  The  know-how  of  this  country  in  being 
able  to  solve  this  problem  perhaps  is  located  right  hare.  Whether  you  are 
a  scientist  or  whether  you  represent  one  of  the  industrial  concerns,  I  fully 
recognise  chat  on  the  part  of  industry  there  are  certain  proprietary  rights. 
There  sre  certain  secrets  that  for  competitive  reasons  and  many  others,  you 
don't;  want  somebody  to  know  about.  X  fully  recognise  it.  I  had  hoped,  how¬ 
ever,  that  this  would  be  minimised;  that  you  are  in  a  position  to  really  go 
tha  limit  among  yourselves  In  order  that  this  problem  may  bn  solved.  Today 
this  country  Is  not  at  war.  I  hope  another  war  never  comtis,  However,  wo 
may  be  engaged  in  one  somewhere,  someplace  in  this  world,  where  an  American 
soldier  will  have  to  fight.  That  American  soldier  deserves  the  best  of  any¬ 
thing  wa  can  give  him  in  order  that  he  might  survive,  and  win,  so  as  to 
protect  the  freedom  of  this  country  as  well  as  all  of  this  entire  free  world. 
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Tht  capability  of  daatroylng  eovar  and  concaalmant  to  dafand  against  and 
fight  off  guarrilla  and  othar  typaa  of  tactlca  la  abaolutaly  Gaaantlal,  It 
la  ganarally  agraad,  and  wa  will  cartalnly  andoraa  It,  that  tho  uaa  of 
chemlcala  can  play  a  big  part  In  being  abla  to  dafaat  cover  and  concaalmant. 
However,  certain  things  must  be  racognlsad.  The  syatams,  to  be  fully 
accepted,  must  have  something  that  will  act  more  rapidly  than  wa  have  now, 

It  cartalnly  must  be  more  loglstlcally  feasible;  the  toxicity  must  be  taken 
Into  consideration;  and  the  cost,  because  It  will  be  In  competition  with 
other  systems.  There  la  a  big  Job  ahead.  These  laboratories  have  been 
given  the  responsibility  to  coordinate  and  to  carry  out  this  particular 
research.  They  have  engaged  you  and  made  you  part  of  this  team,  I  hope 
that  In  the  near  future  you  will  be  able  to  come  up  with  some  sort  of  answers 
on  this  problem,  1  am  not  In  a  position  to  angage  In  technical  discussions. 
We  have  plenty  of  technical  people  here  who  will  be  able  to  do  so.  Perhaps 
six  months  from  now  we  may  be  able  to  call  a  similar  meeting,  and  be  able  to 
discuss  progress  that  we  have  made.  In  this  progress  meeting  I  am  hopeful 
that  we  will  be  further  ahead  than  we  are  today  In  the  month  of  July,  1963. 

We  will  give  you  all  the  support  we  possibly  can.  All  we  need  Is  for  In¬ 
dustry  to  work  with  us.  Dr.  Mlnarlk,  Z  am  going  to  turn  the  meeting  back 
to  you,  and  lots  of  luck.  Go  as  far  as  you  can  without  committing  your 
companies  or  giving  away  proprietary  rights  or  your  really  deep  secrets, 
but  we  must  have  some  answers.  Thank  you. 
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II.  U.S.  ARMY  BIOLABS  DEFOLIATION  PROGRAM 
A.  E.  Hayward* 


It  la  my  purpoaa  thla  morning  to  try  to  astablish  a  broad  but  ayatamatlc 
frama  of  rafaranca  au  that  tha  aubaaquant  diacuaalona  you  will  hava  today 
may  fit  into  thla  ganaral  pattern.  Hiatorically,  our  intaraat  in  defolianta 
and  harbicidaa  bagan  with  the  aatabliahmant  of  Fort  Datrick  in  1943.  In 
1946  much  of  tha  work  in  this  area  waa  publiahad  and  tha  Juna  iaaua  of  tha 
"Botanical  Gaaatte"  waa  davoted  antlraly  to  a  aariaa  of  papara  publiahad 
from  Fort  Datrick.  Work  in  thia  area  haa  continued  ainca  that  tima  and, 
while  tha  program  haa  aaan  both  good  timaa  and  bad,  it  ia  today  enjoying  a 
higher  level  of  aupport  than  aver  before. 

Ganaral  Dalmora  haa  atatad  aome  of  tha  objactivaa  and  aoma  of  tha  prob- 
lama  that  pertain  to  thia  program.  I  think  it  might  bo  wall  to  repeat  aome 
of  tha  thlnga  ha  aaid  becauae  I  beliava  they  daaarva  thia  added  amphaaia. 
Flrat,  it  ia  obvloua  that  auccaaa  In  thia  program  would  allow  ua  to  do  acm8< 
thin^  about  the  problem  of  cover  and  concealment,  Whan  we  clear  vegetation 
from  roadaidaa,  railwaya,  and  canala  we  aubatantlally  reduce  the  opportunity 
for  ambuah  and  thua  allow  our  own  oparationa  to  proceed  in  a  more  timely 
manner.  Defolianta  would  alto  be  uaad,  aa  General  Dalmora  haa  aaid,  to 
demarcate  boundariaa.  I  don't  know  if  you  heard  the  radio  thia  morning,  but 
two  American  aoldiara  ware  killed  by  ambuah  in  tha  damilitariaad  aona  in 
Korea.  Maybe  if  thia  damllitarliad  zona  had  bean  plainly  marked  by  defoli¬ 
ating  a  atrip  parhapa  200  matera  wide  thia  wouldn't  hava  happened.  At 
laaat,  it  would  ba  obvioualy  ailly  to  accept  tha  uaual  explanation  that  tha 
attackara  were  loat  and  thought  they  wera  within  their  own  boundariaa. 
Succaaaful  defoliation  could  be  uaad  to  clear  gun  omplacemanta,  open  up 
fialda  of  fire,  mark  araaa  for  bombing,  or  teat  whether  or  not  a  particular 
area  waa  camouflage  or  actual  vegetation. 

Let  me  turn  now  to  aome  of  the  technical  problama  that  we  faca.  1  am 
quite  Bure  that  I  will  not  utate  all  of  the  technical  problama,  for  I  am  not 
gifted  with  perfect  foreaight.  To  borrow  one  of  the  quipa  of  the  gentleman 
who  will  follow  me,  1  am  an  appointed  official,  not  an  anointed  one.  I  can, 
however,  deacrlbe  aome  of  the  major  problama  and  the  flrat  of  thean  would 
be  our  requirement  for  fVgenta  that  have  n  broad  range.  We  will  never  know 
preciaely  what  type  of  vegetation  we  may  wIhIi  to  defoliate  and  ao  we  would 
like  to  have  materlala  that  will  take  thn  leavaa  off  of  the  vegetation  in 
rain  foroata,  deciduous  foroata,  coniforoua  foreata,  and  almost  any  other 
type  of  vr.gutatlon  one  could  namn.  Whether  thaao  materials  are  true  defo¬ 
liants.  wlu-.ther  th«y  ar«  horblcldcs  or  desiccants,  does  not  really  matter 
greatly  but  they  should  have  a  broad  range. 


*  U.S,  Army  Biological  Ijaboratorles . 
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Secondly,  we  need  meterUli  thet  will  ecC  rapidly.  An  General  Delmoro 
iCatedj  IC  is  premature  at  this  time  to  say  that  these  materials  should  act 
within  an  hour  or  a  day  or  some  other  finite  unit  of  time,  but  wn  certainly 
went  them  to  act  as  rapidly  as  possible.  1  know  that  this  factor  will  be 
discussed  in  more  detail  later  end  I  will  say  no  more  about  it  at  this  time. 

It  goes  without  saying  that  the  materials  must  be  applicable  by  ground 
and  air  spray,  that  they  must  be  logistically  feasible,  and  that  they  must 
be  nontoxic  to  humans  and  livestock  in  the  area  affected.  Not  only  should 
these  materials  be  nontoxic,  but  it  seems  to  me  that  it  is  important  that 
they  not  have  any  cosmetic  effect.  If,  for  example,  a  material  had  a  marked 
red  fluorescence  end  a  number  of  people  were  obviously  stained  by  the  material, 
then  our  enemy  might  derive  considerable  propaganda  value  from  this  fact  even 
though  the  individuals  were  not  in  any  way  injured  by  the  material. 

In  a  very  real  sense,  this  program  in  defoliation  is  a  little  bit  unique 
with  respect  to  the  usual  military-industrial  collaboration.  Ordinarily,  in 
military  R&D  we  have  a  military  concept  that  leads  to  the  statement  of  a 
military  requirement,  technical  characteristics,  performance  specifications, 
end  other  strictly  delimited  aspects.  In  this  program  we  do  not  have  rigidly 
specified  characteristics.  X  have  stated  some  of  the  broad  requlmments 
that  a  successful  defoliating  chegileal  should  have,  but  within  this  general 
framework  we  will  accept  end  use  materials  that  will  do  a  Job  for  us.  In  a 
few  years  it  may  be  that  we  will  come  up  with  more  definite  specifications 
but  at  the  moment  we  simply  solicit  the  assistance  of  you  gentlemen  in 
finding  materials  that  can  be  used  successfully  within  the  reasonably  broad 
and  general  guidelines  that  General  Delmore  has  stated  end  that  I  have  re¬ 
peated. 

It  has  been  both  a  pleasure  end  e  privilege  to  speak  to  you  gentlemen 
this  morning.  I  know  that  I  speak  for  all  of  us  who  have  responsibility 
in  this  program  whan  I  say  that  we  are  moat  gratified  at  the  very  wonderful 
reaponae  Industry  has  shown  end  we  ere  confident  that  your  interest  nnd 
your  capability  will  lead  to  succees  in  this  program. 
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Ill.  DEFOLIATION  CONTRACTUAL  EFFORT 
Al«x  Sinftllburg^ 


A.  INrRODl’CTTON 

X'h«irc,  »r«  thr«e  ar«at  in  thlt  contract:  program  I  would  Like  to  couch 
upon  briefly  bacauae  I  ballava  they  may  bo  of  interast  and  banofit  to  you; 
(a)  the  Importance  of  our  contract  program,  both  to  the  Government  and  to 
you;  (b)  how  we  have  organized  this  contract  program  to  bring  us  where  we 
are;  and  (c)  what  1  believe  lies  ahead. 


B.  IMPORTANCE  OF  THE  PROGRAM 

The  previous  speakers  have  already  cold  you  of  the  Importance  and  urgency 
of  this  program  to  the  military.  I  would  like  to  add  that  coupled  with  this 
urgency  and  complexity  Is  our  military  objective  of  being  second  to  none. 

This  Is  a  call  order  for  all  of  us  —  it  Is  a  challsnge  not  only  to  the 
military,  but  also  Co  Industry.  It  is  a  challenge  that  demands  our  best,  It 
demands  your  best  —  nothing  else  will  do. 

Our  contract  program  also  offers  many  incentives  and  advantages  to  in* 
dustry,  The  contractor  motivations  to  participate  in  military  R&D  contract 
programs  are  some  mixture  and  combination  of  patriotic,  scientific,  and 
economic  Impulses.  I  am  certain  Chat  General  Delmore's  remarks  will  keep 
the  patriotic  Incentive  spark  alive.  On  the  scientific  and  economic  fronts 
our  program  provides  several  advantages. 

(a)  It  gives  each  of  you  a  preview  and  Insight  Into  future  related  R&D 
contract  programs. 

(b)  It  unahles  you  to  maintain  s  satisfactory  position  with  otlier 
organizations  that  arc  doing  similar  work  and  to  evaluate  your  own 
capability  with  theirs. 

(c.)  It  givens  you  the  opportunity  t.o  highly  irfitiurd  scii^ntlflc 

p  !■>  r.i  '  I  'iv  ofl-rlng  them  a  acluntlflc  and  1  1  ! tiingi* ,  as  w^ll  as 

I  '  !.  t ')  1 uluu'  personnel  for  suhsiujiinnl  programs  'ind/or  rt'l  'Jted 

c  omrne' >' c  1  rt  1  r<'S'"n.rch. 


^d)  It  permits  you  to  keep  abraasr  i.if  uur  pruvlous  tn-housti  flcoompl lah- 
iiv-ni  s  tincl  glvi'.H  you  the  opportunity  to  vlsU  our  l>j.bi}r*itor  -iind  ohS'Jtve 
tlx*  H'M'  p'  tflc  work  we  are  doing  end  tho  s  poc  In.  1  L^ed  tcclin  lrJtu>^s  end  sclen- 
I  if  I  .'lU  1  piTiPPl  we  are.  using. 


*  .s.  /'  II,  o!  og  (rn  1  Tjaborator  l'’'S  . 

Best  Available  Co  D'*' 

if  > 
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(e)  It  mIbu  glvBB  your  Bclantiita  tho  opportunity  to  gain  accesn  to 
current  reBtarch  data  that  may  hava  baan  aBsambled  in  C^cvornment  reporta 
and  papara  but  may  not  ba  publlahad  for  aavaral  yaara. 

In  aummary,  thia  program  offara  you  opportunltloa  for  creative  and 
challanging  work  that  may  laad  not  only  to  the  aolutlon  of  military  problama, 
but  to  naw  knowledge  leading  to  new  commercial  products,  future  markota, 
and  ultimately  high  induatrial  proflta. 


C.  ORGANIZATION  OF  CONTRACT  PROGRAM 

In  organiaing  our  contract  program  there  were  several  aspects  that  re¬ 
quired  careful  consideration.  At  Fort  Detrick,  as  I  am  sure  you  recognize, 
we  do  a  groat  deal  of  creative  and  akillful  work.  Frequently,  however,  we 
do  not  have  available  the  necessary  manpower  and  facilities  to  do  tho  entire 
job  within  the  needed  time  frame.  We  muat  turn  to  outaidc  organlaations 
auch  as  yours  to  research,  develop,  and  produce  our  highly  apecialized 
items.  This  calls  for  a  military-industry  contract  partnership  and  demands 
of  industry  its  ability,  creative  ideas,  facilities,  and  the  competence  of 
its  scientific  and  engineering  disciplines  to  achieve  the  results  we  need 
in  the  shortest  possible  time. 

Our  previous  contract  budgets  in  this  area,  particularly  during  the 
period  19S9  to  1962,  were  practically  nil.  The  dollar  support  for  our  in- 
house  effort  was  only  a  little  better.  We  were  faced  with  two  major  prob¬ 
lems:  We  could  not  suddenly  turn  on  the  contract  faucet  and  turn  to  one, 
two,  or  three  contractors  who  had  already  demonstrated  their  special  compe¬ 
tence  to  us  under  any  major  contract  program,  nor  did  we  have  the  total  in- 
house  professional  competence  to  monitor  and  evaluate  a  wide  and  dynamic 
contract  program.  During  this  prior  period.  Dr.  Mlnarik  did  an  outstanding 
Job  in  keeping  the  industrial  and  in-house  interest  alive. 

In  1962  we  invited  essentially  the  entire  chemical  industry  to  Fort 
Detrlck.  We  briefed  them  on  the  technical  and  contract  aspects  of  this 
program  and  solicited  their  participation.  The  industrial  interest  was 
very  high  throughout  and  the  response  vory  good.  It  became  clearly  evident 
that  the  procurement  would  be  a  highly  competitive  one  and  that  the  selection 
of  the  contractors  considered  to  be  best  qualified  to  perform  the  contract 
would  be  a  very  difficult  decision  for  the  Government  to  make,  Tho  pro¬ 
posals  w(?re  evaluated  in  an  objective,  impartial,  and  thorough  manner  by  a 
group  of  highly  qualified  Government  sclontistB  and  consultants  who  were 
especially  selected  for  their  proficiency  in  this  area.  It  was  cloarly 
recognized  that  a  great  deal  of  highly  important  capabilities  existed  in 
numerous  outside  organizations.  The  line  between  those  selected  and  those 
not  selected  was  a  very  narrow  one.  We  are  therefore  keeping  the  procure¬ 
ment  doors  wide  open  to  all  highly  qualified  organizations,  and  thuri’;  arc 
many,  to  enable  their  future  participation  in  our  program  us  their  future 
Interest  and  capabilities  may  dictate. 
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At  th«  oniet  of  tha  contract  program,  It  wati  ImmodUtcly  recognUatl 
that  thara  would  ba  a  dual  competition.  The  flrat  would  be  the  compet l.tion 
to  obtain  the  contract;  the  lecond  would  Be  the  competition  between  the 
selected  contractors.  Each  contractor  quickly  became  aware  that  the  con* 
tract  itself  offered  no  social  security  and  that  their  contract  output 
would  have  to  measure  up  to  the  qualitative  output  of  their  competitors. 

This  competition  did,  and  I  am  sura  will  continue  to,  generate  a  high 
degree  of  scientific  effort,  productivity,  and  efficiency.  The  results  of 
the  contract  effort  will  be  currently  and  closely  evaluated,  and  the 
extension  of  the  contract  programs  will  ba  determined  on  the  basis  of  care* 
ful  assessment  of  the  contract  accomplishments  and  the  potential  benefits 
they  offer  to  the  Government. 

In  establishing  our  contracts  we  have  endeavored  to  provide  several 
things  that  we  felt  would  be  very  helpful  to  the  contractor.  It  la  my 
personal  viewpoint  that  a  major  reason  for  R&D  contract  slippage  after  a 
qualified  contractor  Is  selected  is  that  Government  objectives  and  contract 
goals  are  not  always  currently  stated  and  clearly  understood,  and  the  urgency 
of  the  program  la  not  fully  raallaed.  During  the  negotiation  of  the  defoll* 
ant  contracts  we  endeavored  to  describe  the  Immediate  and  long-range  con¬ 
tract  objectives,  the  Importance  of  the  contract  program,  and  the  management 
steps  Liiat  would  be  taken  to  plan,  monitor,  and  evaluate  the  contract  effort 
and  results.  In  addition  to  making  our  requirements  clear  and  lmpressl\g 
upon  you  the  importance  and  urgency  of  the  program,  we  felt  that  tha  contract 
documents  themselves  should  serve  as  a  suitable  tool  for  the  parties.  There¬ 
fore,  our  program  was  planned  to  provide  stability  and  continuity  for  the 
contractor  capable  of  doing  an  outstanding  Job.  Tha  successful  accomplish¬ 
ment  of  our  contract  program  needs  the  bold  and  Ingenious  efforts  of  the 
people  assigned  to  it.  Your  contract  has  been  designed  to  allow  you  a 
management  flexibility  that  will  give  your  competence  and  Judgment  the 
freest  opportunity  to  do  creative  work,  both  In-house  and  by  attracting  on 
a  national  basis  the  greatest  scientific  and  Industrial  competence  that 
might  be  available.  The  contract  program  has  Fort  Detrlck's  top  management 
Interest-  and  support  and  has  drawn  the  bast  capabilities  of  our  research 
personnel  to  work  closely  with  the  prime  contractors  to  insure  that  the 
program  focus  and  direction  will  not  be  misplaced  or  mlsundorstood.  We 
hope  to  facilitate  tha  contractor  capability  by  bringing  Into  the  program 
the  best  research  and  Industrial  competencies  that  may  be  nodded,  To  thi? 

that  It  Is  prsctlceble  end  worthwhile,  wo  will  do  our  utmost  to  Inte- 
v;r»t'o  outHlde  Ideas  that  we  believe  ere  needed  for  thu  n^^sults  we  are  seeking, 


D.  WHAT  LIES  AHEAD 

Tl)'-':  r.*.sul.ts  of  this  program  are  being  used  In  field  test  evaluations. 

The  assnssments  that  follow  may  lead  to  largn-qiiantity  military  roqulremants . 
1  not  prepared  In  this  brief  time  to  provide  you  with  ».  market  resciarch 
analysis,  1  am  sure  you  all  have  a  great  deal  of  competence  and  experience 
In  tills  an-.fl  , 
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T  li«v«  already  mentioned  commercial  and  economic  lnc«ntlv<'N.  t  /iin  not 
aurprlaed,  and  I  am  happy  to  report,  that  there  have  been  a  Urgi-  luimber  o£ 
patent  appllcatlona  reaultlng  from  thla  program.  Thli  may  be  a  partial 
explanation  aa  to  why  many  of  you  have  propoaed  to  work  without  profit  and 
on  a  coat“aharing  baala.  Continuing  to  look  ahead,  we  are  hop'j'ful,  of 
courae.  that  the  needed  breakthrough  will  occur.  No  one  can  prv'dLct  when, 
where,  and  how  thla  will  happen.  We  are  giving  every  induatrlal  organiza¬ 
tion  with  a  capability  and  Intereat  an  opportunity  to  aubmit  unaoUcltad 
propoaala  and  to  teat  their  compounda.  It  la  aafe  to  aay  that  our  future 
budgeta  will  bo  directed  toward  the  organization  whoae  reaearch  capability 
and  product  can  provide  the  beat  potential  beneflta  to  our  program.  Your 
Job,  aa  1  aee  It,  la  to  make  aure  that  your  organization  la  the  one  selected. 

In  reviewing  today 'a  program,  I  couldn't  help  but  be  Improaaed  by  the 
quallf Icatlona  of  the  contractora  and  the  repreacntativei  who  are  particl- 
pating  in  thla  program.  It  further  demonatratea  that  our  program  neads  a 
apeclal  research  capability.  If  1  may  attempt  a  simplified  definition, 
"research  la  the  difforonca  between  the  problem  and  the  answer. "  The 
challenge  to  all  of  us  —  the  contractor  and  our  Government  people  —  will 
be  to  continue  to  reduce  the  difference. 
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IV.  CROPS  DIVISION  DEFOLIATION  PROGRAM 
C.  E.  Mln«rik* 


A  numbtr  of  ipatkora  thti  morning  mantlonad  that  our  program  startad 
during  World  War  II,  with  tha  aatabllahmant  of  Fort  Datrlck  In  1943.  Thar« 
waa  a  graat  daal  of  Intaraat  at  that  tlma  in  doatroylng  vagatatlon  In  tha 
South  Pacific  Thaatar,  and  tha  principal  maana  available  waa  high  exploalvaa. 
1  have  forgotten  how  many  mllllona  of  tona  of  high  axploalvaa  wara  required 
to  daatroy  tha  vegetation  on  aoma  of  thaaa  Pacific  laUnda.  We  wara  aakad 
to  Invaatlgata  chemlcala  that  ware  available  In  large  quantltlaa  In  the 
Unltad  Statea  that  could  be  employed  for  "defoliating"  thla  vegetation, 

The  work  waa  done  by  the  group  then  at  Fort  Detrlck  under  the  leaderahlp  of 
Or.  A.  G.  Norman,  who  la  now  at  the  Unlveraity  of  Michigan.  The  group 
acreened  a  large  number  of  chemlcala/  Including  the  commercially  available 
cotton  defollanta.  The  acreening  program  yielded  two  chemlcala  of  promlae, 
ammonium  thiocyanate  and  line  chloride.  Both  of  theae  produced  excellent 
reaulta  when  uaed  In  conventional  military  apray  equipment  available  at 
that  time,  which  conaiated  of  the  B-25  aircraft  and  the  M-10  amoke  tank. 

The  firat  requirement  waa  to  defoliate  treea;  later  thia  waa  changed  to  add 
target  marking.  In  1945  we  were  ready  to  recommend  the  uae  of  ammonium 
thiocyanate  in  the  Pacific  Theater.  During  the  courae  of  coordination  at 
high  levela  in  the  government,  aomeone  decided  that  ammonium  thiocyanate 
aounded  very  much  like  cyanide,  which  everybody  knowa  la  poiaonoui.  If  we 
uaed  thia  chemical,  we  would  be  accuaed  of  conducting  polaon  gaa  warfare; 
therefore,  the  plan  to  uae  chemlcala  for  deatroylng  vegetation  In  the  Pacific 
Theater  waa  dropped.  The  war  ended  before  another  "defoliant"  could  be 
developed.  Much  of  our  work  then  waa  claaalfled  Secret;  however,  aome  of 
our  reporta  have  alnce  been  downgraded  to  Unclasalf led.  One  report  relatea 
to  our  work  at  Fort  KnoK  In  cooperation  with  the  Armored  Medical  Reaearch 
Laboratory.  At  Fort^Knox  we  aprayed  temperate  zone  vegetation  with  ammonium 
thiocyanate  and  other  chemlcala  and  followed  the  apray  treatment  with  Incan* 
dlarlea  that  weru  dropped  from  B>25  aircraft.  We  have  aome  excellent  before'* 
and'>aftar  photographa  of  the  defoliation  that  was  achieved  during  thnae 
trials.  The  chemlcala  uaed  were  not  true  defoliants  but  were  more  properly 
daacribed  aa  deaiccanta.  However,  they  did  accompllah  the  dsatr'-d  reaulta. 

The  next  program  In  which  we  became  involved  dealt  with  subtropical 
vegetatlc^n  in  the  Evergladea  of  Florida,  In  May  1945  Camp  Detrick  publlahed 
Special  Report  13,  "Marking  and  Dafollation  of  f’orfsat  Vegetation."  Thle 
report  alao  was  originally  claaeifled  Secret  but  recently  has  boe,n  down¬ 
graded  to  Unclassified.  This  program  also  involved  screening  additional 
chemicals,  but  wa  again  came  up  with  tha  sam'i  chemicals,  ammonium  thlocya* 
nstt^.  end  zinc  chloride,  that  had  proved  so  effective  «i.  Fort  Knox.  Th-^ 
vi'.grfltAT, Lon  changed  color  in  two  or  three  days.  The  fvi'fuct  was  ■'-ixcellent 
for  tArget  nvirklng.  As  Mr.  Hayward  pointed  out.,  target  marking,  or  d-vl  Inoat- 
Lng  drop  ac-if»,.s  and  othor  zones  by  causing  the  tat  Ion  to  change  color, 

>'  U.S.  Army  !Iil'''loglca.l  lja.boratQrlftg , 
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iH  axcremnly  Important  in  warfare •  But  mora  Important  than  tliU,  and  tlUa 
doaa  not  Involve  chamlatry,  waa  the  fact  that  wa  damonstratad  that  apray 
matarlals  that  had  a  wide  range  of  droplet  aizea  did  panetratw  a  forest 
canopy  so  that  droplets  were  deposited,  not  only  on  the  upper  canopy,  but 
in  the  middle,  and  also  on  the  forest  floor.  Canopy  penetration  Is  a  sulv 
Ject  tliat  comes  up  every  tlma  one  dlscusBes  spraying  dense  tropical  vogeta- 
tlon,  such  aa  occurs  In  Viatnam  for  instance.  One  says,  "Oh,  well,  It's 
very  danse  so  you  cen  spray  the  top;  when  tliose  leaves  fall,  you  spray  the 
middle  layer,  and  ao  on."  This  tachnique  Is  not  necessary,  Tl>«  1945  trials 
have  amply  provad  this  point. 

Mor^  racent  work  conductad  prior  to  our  phaso-out  In  FV  L958,  Just  be» 
fore  we  hit  the  leaneat  of  our  lean  yaara,  consisted  of  axtenslve  screening 
of  defoliant  and  desiccant  chamlcals.  We  had  examined  approximately  twelve 
thousand  chemicals  here  at  Oetrick  for  vegetatlonal  control  activity,  and 
those  that  displayed  oven  the  illghtest  defoliation  or  desiccation  activity 
were  then  put  Into  our  defoliant  screaning  program.  An  unclassified  report 
Issued  In  J\jly  1939  lists  the  most  active  of  approximately  700  chemlcala 
that  were  screened  for  defoliant  activity.  I  think  some  of  you  contractors 
have  seen  copies  of  this  report.  Recently,  an  attempt  was  made  to  have  It 
Issued  by  the  Department  of  Commarca  but,  although  Unclassified,  it  was 
atlll  considered  sensitive, 

One  of  our  earliest  and  moat  fruitful  contracts  dealt  with  the  evaluution 
of  candidate  defoliants  on  tropical  vegetation  In  Puerto  Rico,  Bruns, 
Cruiado,  and  Mualk  evaluated  SI  different  formulations  on  25  species  of 
tropical  woody  plants  and  reported  thalr  results  In  a  recent  laaua  of  Ttopl* 
cal  Agriculture,  Incldcntly,  Dr.  Mualk,  one  of  the  authors,  will  join  our 
staff  to  spend  part  of  hit  sabbatical  leave  from  the  Washington  State  Uni¬ 
versity,  continuing  his  work  on  absorption  and  tranalocatlon  of  defoliants 
and  harblcldas . 

I  have  briefly  revlawed  the  highlights  of  our  defoliation  program  to 
■how  tliat  wti  have  been  engaged  In  defoliation  Research  and  Development 
(R&O)  for  some  time  and  have  accumulated  quite  a  backlog  of  Information. 

General  Delmore  has  pointed  out  that  we  need  a  chemical  that  acts  more 
rapidly.  At  ona  time  we  had  a  requirement  for  a  dofolUnt  that  would  be 
effective  In  24  hours  and  a  target-marking  chemical  effective  In  15  or  20 
minutes.  Thera  are  certain  chemlcala  that  can  mark  vegetation  In  this  short 
period  ot  Lime.  Tributylphosphate,  for  Instance,  will  dcsiccati?  certain 
spccti-s  vory  rapidly  but  will  not  affect  other  species.  Tho  aamn  Is  true 
of  ct-.ri:ali-i  defoliants.  This  points  up  tho  fact  that  wo  must  find  cliemlcals 
with  liroAd  host  ranges. 
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Othnr  apaakerc  bafore  ma  hava  dlscuaaad  our  object: iv^ia  Ln  tivniH  .'I'l  whgi 
tha  compound  must  do  or  ba  Ilka.  I  would  like  to  raiteratm  chat  vn  nead  a 
chamtcal  that  la  affactlva  In  low  doaaa,la  Inaxponatva,  raadily  available 
or  capable  of  baing  manufacturad  In  large  quantitLea,  nontoxic  to  tnan  and 
animals,  atabla  in  itoraga,  nonhaeardoua  to  tha  uaur,  and  noncorroa lv«. 

Thni  work  that  1  hava  diaeuaaad  ao  far  waa  done  in  the  early  daya  of  our 
defoliation  program.  A  more  recant  project  involved  vegetation  control  at 
Camp  Drum,  New  York.  Wa  ware  able  to  have  photographera  go  along  on  that 
miaaion  to  get  baforo-and-aftar  plcturaa.  A  very  abort  film  haa  been  pre¬ 
pared  that  wa  would  Ilka  to  ahow  at  thla  time.  This  work  waa  done  Ln  1959 
and  It  waa  ahortly  thereafter  that  wa  got  tha  call  to  damonatrate  what 
could  ba  dona  in  Vietnam.  Dr.  Jamaa  W.  Brown  waa  reaponaibU  for  this  work, 
Ha  waa  alao  raaponalbla  for  tha  damonatratlona  in  Vietnam  that  defoliants 
and  herblcidaa  can  ba  affactlva  for  vegetation  control  in  that  country, 

After  Or,  Brown's  highly  auccassful  damonstritions  of  the  potencUl  of  herbl* 
cidea,  the  United  Stataa  Air  Force  was  dlractod  to  conduct  defoliation  apray 
operations.  The  flow  rata  of  tha  equipment  was  too  Low  for  the  desirnd 
ground  deposit;  and  many  dalaya  cauaad  tha  operation  to  ba  conducted  during 
thn  wrong  aaaaon  of  the  year  for  tha  beat  roaulta.  As  General  Delmore 
indicated,  there  were  soma  adveraa  comments  in  the  press,  Dr,  Warren  Shaw 
of  thf,  Department  of  Agriculture,  who  is  here  today,  O.nerM  Delmore,  and  a 
number  of  others  went  to  Vietnam  to  aasess  the  resuits.  Th>^.v  reported  that 
the  sprayed  vegetation  had  bean  defoliated  to  the  extant  of  75  per  cent  on 

the  avt-rage  and  in  certain  targets  100  per  cent.  1  think  Colonel  C&sto 

will  show  soma  slides  this  evening  of  areas  that  wore  sprayr^d  in  Ffibruaty 
1962  and  photographed  in  May  1963.  You  will  boo  that  them  lus  baun  very 
little  r**.growth  in  thasa  areas,  maybe  five  to  ton  par  cent  at  most. 

This  brings  u*  up  to  our  current  in-house  program.  Our  total  budget  tor 

defoliation  R&D  is  approximately  two  million  dollars,  about  thr>/i(*  hundred 
thousand  of  which  goes  into  our  in-house  program;  the  remainder  gjpi  out  on 
contract  to  you  folk.  Wa  now  hava  18  professional  pnrsonnnt.  mllttarv  and 
civilian.  1  would  Ilka  to  compliment  our  mUltary  personnel  for  Lliw  mar¬ 
velous  Job  they  are  doing  for  us.  They  have  shown  gr^at  adaptability  and 
-rinthuslasm  for  the  program  and  are  contributing  very  significantly  to  its 
9U':c»-.s8.  We  have  four  additional  professional  Glvlllans  <'omlng  In  iv-xt 
month.  As  I  Indicated  aarllar,  Dr.  Muaik  will  be  luirri  on  W<'dn»TS(l{.y  or 
IhursdAy.  as  will  Dr.  Hurtt  from  Michigan  StfU--!,  Ln  ,  Szab  '  rnd  .  Wl swi-'.sser 
will  bt,  coming  in  later  in  tha  month.  In  .addition,  tli^rr’  will  b.',  throe 
civilian  mclinlclans,  giving  us  a  total  oi!  approx tnu) i.e, ly  25  p-vipL.-i  working 
jn  dvf -1 1  liit  ion  , 

Whar  tvpn  of.  work  are  we  doing  horn?  We  arti  .•ingagwd  Ir  basic  ri-snarch 
•>11  t.hi  b  locht!<mical  and  physiological  aspects  of  leaf  abscission,  '!  i,  you 
will  note  your  program,  you  will  aoe  that  I  will  be  follow-id  by  Lt . 

Kublnsri-in  and  Lt .  Abeloa,  who  will  discuss  some  of  their  basic  rns-Aii  ch  on 
I'  *■.(  abs.  Isslon.  Another  problem  undor  investlyatl .:in  Is  thf,  of  cthylenci 
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In  ubiciiilon.  The  formulation  of  candidate  defoliants  for  use  in  military 
operations  Is  also  an  active  project.  Work  in  absorption  and  translocation 
Is  planned  for  Dr.  Hurtt  whan  he  arrives.  Dr.  Muslk  has  elected  to  study 
environmental  factors  affecting  absorption  and  translocation  In  our  growth 
chambers.  This  Investigation  Is  very  important  because  Kome  of  the  sprays 
used  In  Vietnam  were  applied  when  the  plants  were  dormant,  and  a  lack  of 
moisture  certainly  can  Influence  the  plant  response  to  growth-regulator 
types  of  chemicals.  The  mechanism  of  action  Is  the  type  of  study  that  Dr. 
Ssabo  will  be  Initiating  next  month.  Residues  in  plant  tissues  is  another 
subject  that  is  receiving  some  attention.  Correlation  between  plant  re¬ 
sponse  and  stage  of  growth  when  treated  Is  also  undergoing  Investigation, 
Other  active  projects  concern:  (a)  dose-response  curves  for  various  chemi¬ 
cals  and  plant  species;  (b)  taxonomic  studies;  (e)  modification  and  cali¬ 
bration  of  aerial  spray  equipment;  (d)  evaluation  of  candidate  defoliants 
on  mixed  stands  of  tropical  vigetatlon  in  5-  to  20-acra  plots;  (o)  relation¬ 
ships  of  molecular  structure  and  biological  activity;  (f)  primary  and 
secondary  greenhouse  screening;  and  (g)  field  screening  using  ground  spray 
equipment. 

You  will  note  that  wo  are  not  doing  any  synthesis  In-house.  We  are 
relying  entirely  on  you  contractors  to  provide  the  synthesis  effort. 

In  brief,  our  In-house  program  consists  of  primary  and  secondary  screen¬ 
ing  In  the  greenhouse  and  field;  aerial  applications;  equipment  calibration; 
taxonomic,  biochemical,  and  physiological  Investigations;  formulation 
studies;  and  structure-activity  relationships,  With  the  exception  of  one 
project,  our  entire  defoliation  program  Is  unclassified. 
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V.  MECHANISMS  Of  AUXIN  ACTIOS  QN  LEAF  ABSCISSION 
Btrnard  Rublnitain''' 


Anyona  who  It  Intarattad  aithar  In  undarttandlng  tha  natura  of  laaf 
abacitalon  or  in  aynthailalni  ohamleala  thkt  artificially  induca  dafolla'* 
tion  it  awara  of  tha  importanea  of  tha  intarnally  producad  growth  ragulator, 
indolaacatic  acid  (lAA).  Undar  varioua  conditiona  XAA  can  aithar  ttimulata 
or  inhibit  abtciiiion,  but  littla  ii  known  at  to  how  thia  auxin  actually 
worka.  In  our  attampta  to  battar  undaratand  auxin  action,  wa  ara  trying 
to  aacartain  tha  aita  of  action  or,  in  othar  worda,  to  datarmina  if  auxin 
acta  diractly  on  tha  aaparation  araa  or  indiractly  by  influencing  tha 
metaboliam  of  tha  petiole. 


A.  STUDIES  OF  SITE  OF  ACTION 

For  atudiaa  of  aita  of  action,  intact  Black  Valentina  baana  (Phataolua 
vulaarla  L.  var.  Black  Valentine)  ware  grown  in  individual  pcta  in  tha 
graanhouaa.  After  lA  daya  tha  primary  leaf  bladaa  ware  cut  off,  and 
aithar  plain  lanolin  or  1000  parta  par  million  (ppm)  lAA  in  lanolin  waa 
applied  to  cover  tha  cut  anda  of  tha  patlolaa. 

Uaing  thia  method,  it  la  ralativaly  aaay  to  oaparatr  lAA^inducad 
inhibitiona  and  atimulationa  of  abaeiaaion  (Figure,  1).  If  lAA  ia  applied 
immadiataly  to  aix-cantimatar  (cm)  dabladad  patlolaa,  abaeiaaion  ia  com- 
plataly  inhibited.  XAA  applied  tan  houra  after  dablading  atill  producad 
inhibitiona,  but  thay  ware  not  aa  pronounced.  However,  if  17  houra 
a  lapsed  between  removal  of  laaf  blade  and  XAA  appllcationa,  a  vary  nvarkad 
atimulation  of  abaeiaaion  occurred.  Thaaa  raaulta  ara  aimilar  to  thoaa 
firat  reported  by  Rubinatain  and  Leopold^  after  thay  had  applied  alpha 
naphthalanaacatic  acid  to  abaeiaaion  xona  axplanta.  Thaaa  raaulta,  than, 
lad  to  the  poatulation  of  two  atagaa  in  bean  laaf  abaeiaaion  -  a  firat 
stage  characterized  by  an  auxin  inhibition  of  abscission,  and  a  second 
ftaga  whan  auxin  applications  stimulate  abscission. 

To  examine  tha  affect  of  an  intact  primary  loaf  on  the  oppoaito 
dabladad  petiole  at  tha  same  node,  tha  axporimonts  shown  in  Figure  2 
ware  sat  up.  Tha  firat  diagram  raprasanta  tha  hours  to  SO  par  cant 
abaeiaaion  for  tha  ona-cm  and  six-cm  controls  and  the  second  illuatratea 
that  the  intact  blade  inhibits  abscission  of  the  opposite  six-cm  petiole . 
Hypothesizing  that  the  inhibition  was  due  to  auxin  production  by  the  leaf 
blade,  TAA  was  applied  to  only  one  debladad  petiole  at  the  primary  leaf 
node.  The  third  diagram  shows  the  surprising  results.  Not  only  waa  there 
no  inhibition  of  Che  untreated  petiole,  but  there  waa  a  marked  stimulation 
of  abaeiaaion. 


U.S.  Army  Biological  Laboratories. 

**  Rubinstein,  B.,  and  Leopold,  A.C.  "Analysis  of  tho  auxin  control  of 
bean  leaf  abscission,"  Plant  Physiol.  38:262-267,  1963. 


Figure  1.  Abicliiion  Reeponiei  of  PetloUi  of 
InUct  Been  Plenti  to  AppUcetlone 
of  lAA  (1000  ppm  In  Lenolln)  at 
Various  Tlmea  After  Debladlng. 


Numbers  indicate  hours  to  50%  abscission 

Figure  2.  Effect  of  Loaf  Blade  or  TAA  on  Abscission  of 
Opposite  Petiole. 
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Th«  poiKlblllty  thtn  txlsttd  that  auxin  on  th«  one-cm  potiole  won 
affactlng  tha  opposlto  •ix-’cm  patlola  aftar  lt«  tran«lclon  into  Staga  1, 

If  this  wara  trua,  it  ahould  bo  poaalbla,  by  ratalnlng  tha  untraatad  fix- 
cm  petiole  In  Stage  1,  to  Inhibit  ita  abaei^slon  when  lAA  la  applied  co 
tha  oppofita  petiole,  Figure  3  llluatrataii  such  a  situation,  Tha  diagram 
on  tha  left  is  tha  untreated  control  and  the  one  in  tha  canter  shows  tha 
stimulation  of  abscission  by  lAA.  Tha  plants  raprasantad  by  the  third 
diagram  wara  treated  so  that  lAA  was  applied  immadlataly  to  a  ono'cm 
petiole,  but  tha  opposite  leaf  was  not  dabladod  until  48  hours  Istai. 

Xt  can  be  seen  that  by  kaaping  the  leaf  Intact  and  retaining  tha  six  'cm 
petiole  in  Stage  1,  an  inhibition  of  abscission  was  produced. 

Thus,  wa  have  a  system  to  determine  tha  site  of  auxin  action,  By 
applying  TAA  on  one  petiole,  wa  can  assuma  that  auxin  reaches  the  ebscis- 
lion  sonas  of  tha  opposite  petioles  at  axactly  tha  same  times,  and  if  tha 
abscission  time  changes  as  tha  length  of  tha  untreated  petiole  is  varied, 
it  would  be  suggestive  of  an  indirect  auxin  action,  that  is,  an  effect  on 
the  petiole  itself  and  not  on  the  abscission  cone. 

To  investigate  the  effect  of  length  of  petiole  on  the  first  stage,  or 
the  stage  whan  auxin  inhibits  abscission,  experiments  were  set  up  as 
diagrammed  In  Figure  4,  One  leaf  at  the  primary  node  was  trimmed  to  onr 
cm  and  treated  with  XAA;  the  opposite  leaf  was  left  Intact  for  48  hours 
and  then  cut  so  as  to  leave  either  a  six-cm  or  a  one~cm  petiole  (upper 
right  end  lower  left  diagremi,  respectively) .  When  compared  with  the  con¬ 
trol  (lower  right  diagram),  the  results  indicets  that  the  inhibition  was 
apparent  only  with  six-cm  petioles,  thus  implying  an  indiract  site  of 
auxin  action  during  Stage  1.  Abscission  of  the  one-'cm  petiole  upon  which 
auxin  wee  applied,  however,  was  inhibited. 

The  localization  of  auxin  action  during  the  second  stage,  when  TAA 
stimulates  abscission,  is  outlined  in  Figure  5,  Again  XAA  was  applied 
immediately  to  one-cm  petioles,  but  this  time  the  opposite  leaves  were 
debladad  at  the  same  time  and  trimmed  to  one  or  six  cm.  By  compering 
the  abscission  rates  of  tha  untreated  petioles  in  the  center  and  right 
diagrams,  it  can  be  seen  that  regardless  of  length,  the  petioles  were 
ecceleraced  equally,  thus  implying  an  action  of  auxin  directly  se  the 
abscise  ion  zone. 

From  the  data  so  far,  wa  have  concluded  that  tha  action  of  auxin  te 
prlmariiy  direct,  Chat  Is,  on  the  separation  area  and  It-  aseociattd 
cell  layfsr-.  it  Is  true  that  Figure  4  implied  an  indirect  site  because 
six  cm  pecioUs  ware  inhibited  longer  than  one-cm  paciolss,  but  It  should 
also  b#  not  tC4d  (Figure  5)  that  TAA  applied  t»ven  r.o  i-inc'-in  petioles  pro- 
ducni  m.u-k')d  inhibitions,  Xt  may  be,  then,  that  lengthening  tht-.  petiole 
»««rve‘  only  to  Intensify  the  inhibitory  effect.  Results  of  experlm*nl«( 

1  1 1  us t'tacir't  In  Figure  5  suggest  a  direct  aum.n  action  during  Stage  2. 


Numbers  indicate  hours  to  50%  abscission 

Figure  A.  Rffoct  of  lAA  on  Absctsalon  of 
OppoalCo  Petioles  Trlmmotl  to 
Various  Lengths  nt  A8  Honrs  After 
Treiitment . 
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Numbtri  indicate  houri  to  50%  abieissien 


FtRuro  5.  Effect  of  Length  of  Petiole  on  the 
Acceleration  of  Abaclsslon  by  lAA, 


Since  it  eppeers  that  auxin  acta  at  the  abaciaaion  aona  during  both 
atagea)  we  have  gained  confidence  In  uaing  exciaed  abaciaaion  aonea 
to  repreaent  proceaaea  occurring  in  the  intact  plant.  A  further  analyaia 
of  the  phyaiological  and  biochemical  aapecta  of  auxin  effecta  on  theae 
abaciaaion  aonea  waa  then  attempted  by  meaauring  ethylene  production 
under  different  experimental  conditiona. 


B.  ETHYLENE  PRODUCTION  STUDIES 

Since  1935,  the  leavea  of  varioua  planta  have  been  reported  to  give 
off  ethylene,  but  no  one  hae  examined  the  abaciaaion  aone  itaelf  nor 
related  the  ethylene  evolution  to  naturally  occurring  leaf  abaciaaion. 

Dr.  F.B.  Abelea  of  thia  laboratory  and  I  are  currently  inveatigating 
the  production  of  thia  gaa  by  uaing  exciaed  abaciaaion  aonea  in  order 
to  learn  more  of  the  mode  of  action  of  auxin  and  other  abaciaaion  atimu- 
latora.  Ethylene  in  our  experimenta  waameaaured  by  an  F&M  Modal  720  gaa 
chromatograph  equipped  with  a  flame-ioniaation  detector.  A  two-foot 
activated  alumina  column  waa  uaed  at  a  temperature  of  AS’C;  helium  flew 
rate  waa  110  milliUtera  per  minute. 

The  bioassoy  conaiated  of  one-'cm-long  abaciaaion  zone  explanta  from 
primary  leavea  of  Red  Kidney  bean  fPhaaeolua  vulaaria  L.  var.  Red  Kidney). 
They  were  placed  in  agar  that  had  been  poured  into  bottlea  that  could  be 
fitted  with  gaa-tight  vaccine  capa.  Gaa  aamplea  were  withdrawn  with  a 
ayringe  and  injected  into  the  gaa  chromatograph. 
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We  fLrat  wanted  to  determine  If  naturally  abscising  explant$  uvolvo 
ethylene.  To  do  this,  we  removed  air  samples  from  sealed  gas  collection 
bottles  at  various  times  until  abscission  occurred.  The  axpLants  did  give 
off  ethylene  a  rapid  evolution  at  first,  followed  by  a  slow'  hut  regular 
Increase  for  more  than  96  hours.  Fifty  per  cent  abscission  occurred  ot 
^8  hours,  when  the  concentration  of  ethylene  was  approximately  0,34  milll- 
mlcrollter  (n^,il)  per  explant. 

To  observe  the  affect  on  ethylene  evolution  hy  auxin  applications 
during  the  two  stages,  the  following  experiment  was  set  up.  After  cutting, 
explants  were  either  left  in  plain  agar  or  placed  immediately  In  alpha 
nephthaleneacetlc  acid  (KAA).  Other  explants  were  placed  In  NAA  at  either 
24  or  48  hours  after  cutting.  It  was  found  that  NAA  always  induced  morked 
stimulations  of  ethylene  evolution  (more  than  three  m^il  per  axplant  per  12 
hours)  no  matter  when  the  auxin  was  applied  to  explants.  Abseiislon  was 
inhibited  by  all  NAA  treatments,  however,  except  the  AS-hour  one  when  an 
acceleration  occurred.  These  results  led  to  the  hypothesis  that  ethylene 
is  effective  only  during  the  second  stage  of  abscission. 

To  test  this  hypothesis,  one  ppm  of  ethylene  was  added  to  explants  in 
plain  agar  at  either  0  to  12  or  48  to  60  hours  after  cutting  (Table  I), 


TABUE  1.  ABSCISSION  RATES  OP  BEAN  EXPUNTS  AFTER  ETHYLENE  EXPOSURES 
(I  ppm)  AT  0  TO  12  OR  48  TO  60  HOURS  AFTER  CUTTING 


Ethylene  Added,  time 


Hours  to  50  Per  Cent  Abscission 


Control  84 

0  to  12  hours  after  cutting  tiO 

48  to  60  hours  after  cutting  55 


It  can  be  snan  that  othyleno  applied  immediately  had  no  effect  on  abscis¬ 
sion  rates  but  that  ethylene  applied  during  Stage  2  markedly  accelerated 
abscisBlon. 

From  tticffio  data  we  feel  that  endogenously  produced  ethylene  may  regu- 
latp  leaf  ahsclBsion.  The  gas  was  found  In  sufficient  quantities  to  stimu- 
lato  abscission,  but  It  acted  only  during  the  second  stage  of  abscission 
and  had  no  effect  during  Stage  1.  Thug,  even  though  immediate  auxin  appli¬ 
cations  stimulate  ethylene  production,  the  gas  Is  not  active  because  auxin 
s  ImuUunoously  retains  the  explant  In  Stage  1.  The  uxper  Imants  so  far 
Mogguftt  that  abscission  Is  controlled  by  factors  even  more  basic  than 
ethylene.  It  seems  that  the  nature  of  the  change  from  the  first  to  Llio 
second  stage  la  of  vital  Importance  tor  the  Induction  of  abscission,  since 
It  Is  during  tho  second  stage  only  that  ethyluno  is  active. 
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C  .  SIM^RY 

Expertmcntw  have  btan  porfotmad  to  Lnvostlgnto  the  mode  of  act  Ion  of 
auxin  a»  It  both  Inhibits  and  atltnuUtaa  leaf  absclielon.  Intact  bean 
plants  wort  utad  to  datartnine  first  the  site  of  auxin  action.  After 
applying  indolaacetlc  acid  to  ona  dabladed  patlola  and  observing  abscis¬ 
sion  rates  of  the  opposite  untreated  petiolei^  at  the  same  node,  one  can 
conclude  that  auxin  acts  directly  at  the  abscission  xona  during  both  the 
first  stage,  when  it  inhibits  abscission,  and  during  tha  second,  when  it 
stimulates  abscission. 

To  characterize  a  mode  of  auxin  action,  the  evolution  of  ethylene 
was  measured  from  excised  abscission  zones.  When  alpha  naphthalenacet ic 
acid  is  applied  to  the  explants,  ethylene  production  is  stimulated  during 
both  stages.  Ethylene  additions  to  control  explants,  however,  suggest 
Chat  the  gas  acts  only  during  Che  second  stage,  so  it  is  proposed  that 
the  stimulatory  action  of  auxin  during  Stage  2  is  lue  to  the  production 
of  ethylene. 
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K.  Ohkum,  O.E.  Smith,  J.L.  Lyon,  *nd  F.T.  Addtcotl''*"* 

ABSTRACT 


CryitalUnt  Abicliln  IZ,  with  a  .^iantaclva  molacular  formula 
of  Ci5H20O4<  hai  baan  laolatad  from  young  cotton  fruit.  It 
accalaratam  abaclaalon  at  rataa  aa  low  aa  0.01  microgram  par 
abtelfiion  aona.  It  inhlbita  lAA-inducad  atraight  growth  of 
^VQA  eolaoptilaa,  but  haa  no  glbbarallln  activity  on  dwarf  maiza. 


Endoganoua  abaciaaion-accalarating  aubatancaa  ara  now  known  to  occur 
widaly  in  tha  hlghar  planta.^  kacantly,  abaciain  1  waa  laolatad  from  tha 
matura  fruit  wall  of  cotton,  but  llttla  la  yat  known  of  Ita  phyalologleal 
propartiaa.  Tha  abaclaaion-accalaratlng  aubatanca  that  it  praeantly  beat 
known  phyaiologleally  occura  in  tha  young  fruit  of  cotton;  ita  activity 
raachaa  a  peak  at  tha  time  of  tha  onaat  of  young  fruit  abaciialon.^  Thia 
paper  report!  tha  laolation  of  thia  aubatanca,  hare  named  abaciain 
daacribaa  aoma  of  it!  chemical  and  phyalologleal  propartlat. 

Abaciaaion*'acoalarating  activity  waa  maaaurad  with  axplanta  (axciaad 
cotyledonary  nodaa)  of  14-day-old  cotton  aaadlinga.  Saadlinga  ware  grown 
at  32°  ±  2' C  with  a  IS^hour  photoparlod  of  2000  foot-candlaa  provided  by 
"warm-wnlta"  fluoraacant  lampa.  Tha  axplanta  conaistad  of  thrae"< 
mlllimatar  atumpi  of  tha  cotyledonary  patlolaa  and  of  the  atam  and  a 
tan'millimetar  stump  of  tha  hypocotyl.  Bxplanta  ware  placed  upright  in 
atalnlaaa  ataal  holdara  in  Petri  dlahaa  containing  a  f Lvi"'mllllmecar 
layer  of  1,3  par  cant  agar.  Fractions  to  be  tasted  ware  applied  to  tha 
petiole  stumps  in  fiva-mlcrolltar  droplets  of  1.0  par  cant  agar.  Dishes 
with  explanta  ware  kept  in  the  dark  at  30‘’C.  Abaciaalon  was  determined 
by  applying  a  force  of  five  grama  to  the  end  of  the  petiole  stumps  at 
dally  or  more  frequent  intervals. 

*  These  Invest igat Iona  ware  aupportod  in  part  by  funds  from  tha  Foundation 
for  Cotton  Research  Education  administered  through  the  U.S.  Department 
of  Agriculture  and  a  contract  with  the  U.S,  Army  BloLogtcfll  Laboratories 
Cotton  fruit  for  extraction  were  obtained  wtth  the  cooperation  of  the 
petfonutl  at  U.S.  Cotton  Field  Station,  Shafter,  CaltCornU.  We 
thank  Margaret  Ueuaapar  and  Nancy  Beck  for  their  excellent  assistance j 
Mr.  Paul  Allen  of  the  Dapartmont.  of  Agricultural  Toxicology,  University 
of  California,  Davis,,  for  datorminatlona  of  TR  spectrum  and  UV  absorp- 
tion;  Department  of  Chemistry,  Stanford  University,  for  mass  apectrc' 
matry  dt/ierminationi  and  alementa'l  anflly?ls;  and  Dr.  R.  Cleland  for 
providing  fad  lUies  for  Avena  straight-growth  tests. 

Ueiparemone  of  Agronomy  and  Cotton  Research  Branch,  A.R.S.,  U.S.D.A., 
tnivcf'iiitv  oi  California,  Davis,  California. 


Four'*  t,"  f*oven~tlfiy-old  fruit  war®  coUoctecl  Lti  thu  fLold  and  cjiii.clt'- 
fro/ftn  with  dry  U'.c,  Aft«r  lyoph lU.zatlon,  opproxlrnataly  78  kllogratns 
(I2b  kilc^ramiii  fresh  weight)  were  axtraoted  ovani'.gbt  In  an  ambient  tampora- 
ture  'if  20''  ic  25'"C  with  520  liters  of  80  per  cent  acetone.  After  filter- 
I,ng  and  concontrat  Inn,  the  residual  rich  water  was  adjusiad  to  pn  2,0  with 
dilute  hydrochloric  acid  and  extracted  twice  wltli  equal,  v(:;lum(^«  of  ethyl 
acetate.  The  ethyl,  acetate  phase  was  extracted  three  tlme.s  wi  t.h  2.0  per 
cent  aqueous  aodlum  bicarbonate.  The  sodltjm  bicarbonate  phov*  was  Acidi¬ 
fied  to  pH  2.0  and  extracted  twice  with  equal  vobames^of  etlpy)  acoiacis. 

The  remaining  acid  fraction,  welghlrtg  147  grams,  wag  saparoted  by  adsorp¬ 
tion  chromatography.  Carbon  (Darco  G-60)  and  cellte  (Hyflo  .‘^uper -c.ul') 

(1:2)  were,  thoroughly  mixed  In  water  and  packed  Iri  a  column  by  stirring. 

The  acid  fraction  was  applied  In  a  ratio  t'f  approximately  l.ilO  (a'^lds  to 
carbon,!  and  clutod  with  Increasing  concentrations  of  acetone  In  water. 

Each  of  the  ten  fractions  (10  to  100  per  cent)  contained  three  liters  of 
solvent  per  100  grams  of  carbon.  A  total  of  4,15  grams  of  oily  material 
having  abscission-accelerating  activity  was  found  In  Che  50  per  cent  and 
60  per  cent  acelanc  eluetes.  This  was  applied  to  a  slVlcLc  ocl'Jic.ellte 
(1:2)  column  packed  In  chloroform,  In  a  ratio  of  one  gram  of  sample  per 
20  grams  of  silicic  add.  Fractions  were  eluted  succeesive'l.y  with  Increas¬ 
ing  concentrations  of  ethyl  acetate  in  chloroform  (one  liter  of  solvent  per 
50  grams  of  silicic  acid)  starting  with  five  per  cent  ethyl  acetate.  Peaks 
of  abscission-accelerating  activity  were  found  In  thn  10  to  30  per  cent 
ethyl  acetate,  and  In  the  50  to  60  per  cent  ethyl  acetate  oluates.  Purthar 
purification  of  absclsln  T1  Involved  only  the  most  acttvo  peak,  10  to  30 
per  cent  ethyl  acetate,  Eiuates  ware  combined  and  evaporated  to  dryness 
ia.  vac'-if*  The  residue  was  treatad  with  a  small  amount  of  chloroform  from 
which  an  Insoluble  crystalline  material  having  no  abscission  activity  was 
eliminated  by  filtration.  The  remaining  238  milligrams  of  chloroform- 
soluble  material  ware  streaked  on  four  sheets  of  Whatman  three-milUmeter 
chroma tographU  paper  (56.3  by  45.6  cm)  and  developed  to  ,'35.0  centimeters 
with  lso-propanol;ammonla :watar  (10; 1; I  v/v).  Each  paper  was  divided 
Inr  •  ten  port lom?  according  to  Pf  and  eluted  with  methanol  by  macerating 
In  a  W*lrln>^  blender,  Eiuates  ware  evaporated  to  dryness,  dissolved  In 
water  at  pH  7.0,  and  filtered.  The  filtrates  were  acidified  to  pK  2.0, 
extracted  twice  with  ethyl  acetate,  and  evaporated  to  dryness,  Eiuates 
from  RC  0.4  to  0,8  were  combined  (66  milligrams)  and  applied  to  a  silicic 
aclit'T’llt*  '."lumn,  a.s  described  above.  The  10  per  cent  ethyl  acetaie 
eljdte  wuH  rcducisd  in  vacuo  to  23  mllUgrams  of  .semi-stolld  rlly  maturLal, 
After  focrysl  n  11  l/,tng  twice  from  chloroform-petroleum  r-ther,  nine  milli¬ 
gram'-  "f  tilgtily  active  crystals  were  obtained.  The  substance  was  named 
absc.  1  !  '1  .1  . 


lu'liy  "I  't'  .ry.-i'il-  wa,;-  by  f  lilu- laye  r  and  papsr  t'liromutogrnphy, 

Min-'  dlffftr<fni  solvent  systems  were  used;  In  ftneh  ca^e  ouly  one  spot  was 
d>rt«u.''  d  wiili  p. ' t  ■' - » 1  urn  permanganate  .-pray. 
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Abwclmln  Ill  ha*  a  malting  point  of  160  to  16r'C  and  iublime'j  120 
[t  Is  an  addle,  colorlai*  compound  aoluble  In  aquooiis  godkim  b Leaf bonaio , 
chloroform,  acetona,  athyl  acotatO)  diethyl  ether,  methanol,  and  achanril, 
slightly  soluble  In  banaane  and  water,  and  sparingly  soluble  In  petmloum 
ether.  Its  ultraviolet  absorption  maximum  In  methanol  Li  252  ml  1 1 tmlcronM 
(<  25,200);  Its  Infrared  absorption  spectrum  In  KBr  pellets  Is  shwn  In 
Figure  1.  The  molecular  walght  of  absclsln  11  Is  26^  (determined  from 
mass  spectrometry)  and  It  contains  6S.76  per  cant  carbon  and  7.96  per  cent 
hydrogen.  Tests  for  nitrogen,  sulfur,  and  halogens  were  negative.  Thera* 
fort,  C15H20O4  assigned  to  absclsln  XX.  as  a  tentative  molecular  formula. 
These  data  show  that  absclsln  I'l  la  chemically  distinct  from,,  ab.scl sin  I 
Isolated  from  mature  fruit  walls  of  cotton  by  Liu  and  Cams.'* 

Absclsln  I'l  Is  a  very  affective  abscission  accelerator.  Figure  2 
shows  the  results  of  applying  three  amounts  of  absclsln  XX  to  the  petiole 
stumps  of  Qxplants.  Acceleration  resulting  from  the  application  of  1,0 
and  0,1  mlcrogram  Is  greater  Chan  can  be  obtained  from  maximum  accelerat'*' 

Ing  amounts  of  gibberallln  A3.  Evidence  Indicating  that  absclsln  .r.i  Is 
an  abscisslon'>auceleratlng  plant  hormone  Is  presented  elsewhere.^' 

Absclsln  11:  was  also  tested  for  Its  growth-'lnhlbltlng  and  glbberelltn 
actlvltle.s.  In  the  presence  of  0.1  mlcrogram  per  ml.llUter  of  XAA,  ii; 
completely  inhibited  Avene  coleoptlle  straight  growth  at  concentrations  of 
3.0,  10.0,  and  30.0  micrograms  per  mlUlllter;  at  0.1  mlcrogram  per  mllU- 
liter  It  reduced  growth  at  60  par  cent  of  chat  Induced  by  XAA  alone.  No 
glbberellin  activity  was  found  whan  applications  of  0.25  to  50.0  mlrrograms 
per  plant  were  made  to  dwarf  maize  mutents  d^,  d3,  and  d5. 

Further  research  on  the  physiology  and  chemical  characterization  of 
absclsln  ii  is  in  progress  and  will  be  reported  shortly. 


PER  CENT  ABSCISSION 


AbXI  0.01  pg 


KlRiire  2.  Abscluiilon  Aeclerotlon  Tncliicecl  by  App  1  lent  Ions  oT 
AbscUln  If  to  Petiole  Stumps  of  Expinnts  of  Cotton 
Seoclllngs.  Each  trontment  ln''iutlocl  '30  expinnts  (AO 
abscission  xonos).  For  compnrlson,  treatment  with  an 
optimum  concentration  of  Glbberollln  A^  Is  Inelucletl, 
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VII.  PREPARATION  OF  FLUOROARDMATIC  COMPOUNDS 
AS  PLANT  GROWTH  REGULATORS 

Gltnn  C.  Finger'*' 


A.  INTRODUCTION 

Interest  in  f luoroerometlc  compound!  plant  growth  regulators  first 
Appeared  In  the  1940's.  A  poat-World  War  II  report^  Indicated  that  the 
Army  Chemical  Corps  at  Camp  Detrick  (now  Fort  Detrlck)  was  alreadv  in¬ 
terested  In  f luorophanoxyaclds  In  1944.  A  patent  Issued  to  Jones^  In  1945 
mentioned  the  use  of  fluorophanoxyacatlc  acids  as  herbicides.  In  1947  the 
preparation  of  the  compounds  furnished  to  the  Chemical  Warfare  Service  tyr 
Its  Initial  studies  was  reported.^*  This  latter  article  Is  an  excellent 
summary  of  the  various  synthetic  methods  of  phenoxyacetlc  acids.  The  first 
data  on  the  herblcldal  properties  of  fluorli^ated  bensolc  acids  appeared  Ir 
1931,  a  study  also  pioneered  at  Ft.  Detrlck.*  These  references  summarise 
the  early  background  of  the  f luorobensenold  herbicides. 


B.  SCOPE  OP  THE  PROJECT 

Since  Its  Inception  In  1932,  the  general  scope  of  our  project  with  the 
Army  Chemical  Corps  has  been  the  synthesis  of  plant  growth  regulators  con- 
talnlng  an  aryl  or  heterocyclic  ring  with  fluorine  as  the  chief  substituent 
or  In  combination  with  such  common  substituents  as  *01,  -Br,  -OH,  •OCH3. 
-NO2,  *NH2,  and  others.  To  a  limited  extant,  compounds  with  fluorine  sub¬ 
stitution  on  an  atom  attached  directly  to  a  ring  nucleus  ere  also  includ*4d 
such  as  ’CF3,  -SO2F,  etc. 


C.  GENERAL  PLAN  OF  THE  INVESTIGATION 

The  general  plan  of  Investigation  is  to  prepare  a  rnpresentatlvn  group 
of  compounds  of  various  types  of  plant  growth  regulators.  As  a  continuing 
objective,  additions  are  to  be  made  to  the  various  types  as  sultabU  star^. 
ing  materials  and  intermediates  become  available, 

3!he  selection  of  the  synthetic  methods  was  governor!  mostly  by  the 
able  Mtartlng  materials  and  the  shortest  route.  The  route  was  not  nacf'saar  1  ]  y 
thn  most  nfflclant  method  of  preparation.  If  a  compound  gava  promising  I « 
in  scr<,i»anlng,  then  more  practical  syntheses  were  In  order. 


*'  Illinois  State  Geological  Survey,  Urbane,  Illinois. 
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D.  SUMMARY  OF  COMPOUNDS  SYNTHESIZED 

Th«  lynthciti  program  to  data  covara  four  wall-known  clasaaa  of  com¬ 
pound!  with  plant  growth  ragulator  propartlaa,  namaly  tha  phanoxyacetlc 
acids,  the  bansoic  aclda,  the  phenyl  carbemates,  and  th*  N-phenyl-glyeine 
hydracidea.  Baa  idea  tha  Individual  compound!  and  thalr  darlvativea,  many 
Intarmadlataa  In  tha  aynthatlc  achame  were  alao  aubmlttad  for  scraanlng, 

1.  Phanoxyacatlc  Aclda 

In  general,  tha  fluorlnatad  phanoxyalkanolc  aclda  ware  praparad 
by  tha  alkaline  condenaatlon  of  a  fluorlnatad  phenol  with  chloroacatlc 
or  chloroproplonlc  acid.  With  tha  exception  of  aome  recently  aynthealcad 
compound!,  moat  of  tlie  compound!  have  bean  reported  In  a  1959  papez^  from 
the  Survey  Laboratorlea . 

PCfeH^OHd.A)  FC6H4OCH2COOH 

4-Fluorophanoxyacetlc  Acid 

More  chan  40  f luorophenoxyacetlc  aclda  and  a  number  of  £ luorophenoxy- 
propionic  aclda  have  been  aynthealzeC .  Emphaaia  haa  been  primarily  on 
polyfluoro  aubatliution  and  combinations  of  -F  with  -Cl  and  -Br,  Soma 
other  group  comblnationa  were  Included  aa  the  Intarmadlataa  were  at  hand. 
Table  I  Hats  the  compound!  chat  have  bean  aynthasleed. 

2.  Benzoic  Aclda 

The  majority  of  the  fluorlnatad  benzoic,  aclda  ware  prepared  by  the 
following  aoquence:  (a)  tha  introduction  of  -F,  -Cl,  -Br,  and  -I  groupa  in 
Che  benzene  nucleus  of  key  starting  materials  via  an  -NH?  group,  followed 
by  (b)  Che  generation  of  a  -COOH  group,  through  oxidation  of  a  -CH^  group 
(or,  in  a  few  cases,  •COCK3  and  •CH2OH  group)  and  carbonaclon  of  a  Gr ignard 
reagent . 


About  24  halogenated  benzoic  acids  were  prepared,  of  which  20  con¬ 
tained  fluorine.  Table  TI  llata  the  dl-  and  trl-subatituted  benzole  acids 
that  have  been  prepared. 

3.  Phenyl  Carbamates 

The  fluorlnatad  N-ph*)nyl  carbamates,  also  known  aa  urethanes  or 
carbanllates ,  were  conveniently  prepared  by  reacting  the  approprlatn 
fluorlnated  aniline  with  ethyl  or  Isopropyl  chlorocarbonate  In  an  aikallno 
medium.**  The,  yeilds  varied  considerably  but  60  per  cant  was  considered 
average , 

1,4)  PC6II4NHC00C2H5 

Ethyl.  N- (4“  f  luoroplienyl)  carbamate 


TABLE  I.  PLUOROPHENOXYACETIC  ACIDS 


/.  1 
H  1 


RING 


POSITIONS 

SUBSTITUENTS 

2-3 

P-Cl 

CH3-F 

2-4 

p-pi./ 

F-Cl  P-Br  F-I  P-CH3  F-NO2 

Cl-F  Br-F  I-F  N02-F 

hi 

F-F 

Cl-F  N02-P 

hi 

P-F 

3-4 

F-F 

F-Cl  CH3-P 

Cl-F 

hi 

F-F 

2-3-4 

F-F-F 

F-Cl-F 

2-3-5 

F-F-F 

2-4-5 

F-F-Pfi/  P-Cl-Cl  ^  F-Cl-P  P-F-Cl 

Cl-Cl-Fi/  Cl-F-P  N02-N02-F 

Cl-F-Cl 

2-4-6 

F-F-F 

F-Cl-Cl  Cl-F-F  F-Br-Br  F-NO2-NO2 
Cl-F-Cl  Br-F-F  Br-F-Br  NO2-F-NO2 

3-4-5 

F-Cl-F 

Cl-F-Cl 

2-3-4-5 

Br-Cl- 

F-Cl 

2-3-4-5-6 

Cl-Cl- 

F-Cl-Cl 

A  .  Alao  chtA  -propionic  acid  dorivativo. 


f 
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TABLE  II.  FLUOROBENZOIC  ACIDS 


RING 


POSITIONS 

2-3 

Cl-F 

F-Cl 

Br- 

Br- 

2-4 

F-F 

F-Cl 

F-Br 

hi 

F-F 

Cl-F 

2-6 

F-F 

Cl-F 

Br-F 

3-4 

F-F 

hi 

F-F 

2-3-4 

F-F-F 

2-3-J 

F-F-F 

2-3-6 

Cl-F-Cl  1 

SUBSTITUENTS 


F-NO2  F“NH2 
F-NHAc 


Cl-Cl 

Br-Cl 


Thirty  £luorln«t«d  N-ph«nyI  carbamatat  have  been  ayntheilsad;  l.e.^ 
Che  ethyl  and  Isopropyl  N-phenyl  derivatives  resulting  from  15  fluorlnated 
anilines.  Among  the  mono-substituted  compounds,  all  of  the  ortho,  meta.  and 
para  fluoro  derivatives  and  a  3-tri£Iuoromethyl  (-CF3)  compound  have  been 
prepared,  The  polysubstituted  compounds  are  listed  In  Table  III. 


4.  N-Ph«nylglycine  Eaters  and  Hydrasides 

Thn  first  fluorine-containing  compound  of  the  phony Iglycliie  type 
was  reported  in  1958,  namely  N-(4-f luorophenyl)  glycine  hydrazide.^  A  year 
latnr  N-(3-trlf  luoromathylphanyl)  glycine*' and  its  amide  were  reported  in 
the  literature. 

The  N-phenylglycine  eaters  and  hydrazides  were  convoniontly  prepared 
by  A  two-stwp  synthesis.  With  aniline  as  a  model,  Llie  reactions  Involved  are 
illustrated  as  follows. 

CfeH5NH2  CbH5NHCH2COOC2H5  >  C5H5NHCH2CONHNH2 

N-Pheny Iglycine  ester  N-Pheny Iglyclne  hydrazlde 
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TABLE  III.  FLUOROPHENYL  CARBAMATES 


RING 


POSITIONS 

SUBSTITUENTS 

111 

F-CI  CH3-P 

•Li 

F-P  Ch3-F 

111 

P-P  F-CF3  OCH3-F 

3"4 

P-P  CF3-F 

111 

CF3-CF3 

20:^ 

F-CPj-F 

liiii 

F-P-F 

By  uNlng  «  subicitucfld  anllln«,  a  wida  variation  In  subatltu^nta  la 
poaalbln  in  th«  bansenoid  nuclaua.  The  anilinae  ware  readily  converted 
to  glycine  catera  in  25  to  50  per  cent  yielda.  By  heating  the  eatera  with 
hydrailne  in  ethanol,  the  glycine  hydraaldoa  ware  formed.  The  hydraaldoa 
react  quite  readily  with  acetone  to  give  iaopropylidine  dorivatlvea. 

Some  of  theae  derivativea  reaulted  quite  accidentally,  but  were  navertho> 
leaa  auhmitted  for  acreenlng.  Table  IV  ahowa  the  compounda  prepared, 

Ct,H5NHCOr.H2CONHNH2  ■>  ChH5NHCOCIl2CONHN-C.  f 0113)2 

N* Phitny Ig lycine  hydraalde  Iaopropylidine  deriv. 


5.  Mlacel laneoua  Compounda 

Among  th«?  mlace I  laneoua  compounda  ilmi.  h«vo  Iksmo  syntheslzod  etc 
i\  inimbt'r  of  f luoc tna ted  Indolea,  a  f luorophfiivL  phoaphlnlc  acid,  (2-£luoro- 
I  tliyl;  trimethyl  ammonium  bromide,  and  aomr-  fluorlnatwd  pyridine  derivativea 
'h'.  pyrldliu;  i,;v'impoiiiid«  were  made  avai  Uble  from  a  separate  Survey  project 
that  initiated  In  tho  mld-19'iO'e. 


E.  SYNTHESES  IfNDER  WAY  AND  FUTURE  PLANS 

Plans  for  Cha  future  include  (a)  the  syntheals  of  new  fluorlnated  types 
of  plant  growth  regulators,  and  (b)  the  occasional  praparatlon  of  other 
group  combinations  in  the.  types  of  compounds  previously  discussed, 

Attention  is  being  directed  to  the  fluorlnatod  derivatives  of  the 
following  types  of  growth  regulators:  2-methoxybansolc  acids,  2-methoxy- 
phf'.ny lacot  Ic  acids,  and  m -methoxyphenylacet  Ic  acids. 
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VIII.  ANSUL  SYNTHESIS  PROGRAM 
P.  J.  Ehnuin* 


A.  INTRODUCTION 


Our  primary  Job  at  Aniul  li  to  make  a  serlea  of  pentavelent  organic 
araenlcale  called  arslnlc  acidi.  The  general  structural  formula  Is: 

R' 

.  ..  ' 

R  •  As  •  OH 

I) 

0 


The  two  organic  groups  In  these  arsanlcals,  which  can  be  the  same  or 
different^  are  attached  directly  to  arsenic.  Because  the  element  arsenic 
Is  considered  a  matal^  and  the  organic  groups  are  combined  to  arsenic  by 
a  carbon-to*arsenlc  bond,  these  compounds  are  called  organlc>metalllcs . 


In  the  series  of  arslnlc  acids  that  we  are  making,  tite  R  group  Is  as 
shown  In  Table  1; 


Table  I. 


R 


Methyl 

Ethyl 

Propyl 

Butyl 


Isopropyl 


CH3 


(l-methylethyl) 


CH3  -  CM  - 


Isobutyl 


CII3 


(2-mothylpropyJ ) 


CHj  CH  -  C!!;)  - 


111  i.liln  sflino  surles  of  nrslnlc  acids  tlio  K'  group  Is  as  shown  In  Tahlo 

]  1 ; 


*  Ansul  Cliwnilcals  Company. 


t 
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.•  Tabls  II. 

Samt  alkyl  groupi  an  R 

Long'Chaln  alkyls.,  such  as  amyl.,  hexyl,  heptyl,  octyl,  tetradecyl,  octadacyl. 
Unsaturatid  straight  chain,  such  as  vinyl,  propanyl,  butsnyl,  sllyl,  etc. 
Alicyclic,  such  as  cyclohaxyl  and  cyclopantyl 
Phenyl-substituted  alkyl,  such  as 

PhCH2  -  ,  PhCH2CH2  -  ,  Ph2CH2CH2CH2  - 
Phenyl  and  phenyl-substituted 


R'’  R>' 


in  which  R"  can  be  hydrogen,  alkyl  such  as  methyl,  amino,  substituted  amino, 
nltro,  hydroxyl,  methoxyl,  chloro,  fluoro  and  others,  and  combinations  of 

these . 

Pyridyl  and  substituted  pyridyl 
Naphthyl  and  substituted  naphthyl 
Miscellaneous 

With  six  R  groups  and  fifty  to  one  hundred  R'  groups,  the  combinations 
that  we  can  product'  are  from  300  tu  600.  Unfortunately,  many  of  the  R' 
groups  will  bo  extremely  difficult  to  add  to  arsenic.  Our  plans  call  for 
selecting  the  easier  preparations  and  spending  not  more  chan  about  one  man- 
week  on  a  preparation  that  gives  difficulties.  Therefore,  our  actual 
production  for  the  entire  contract  is  expected  to  be  about  80  arslnlc  acids 
and  about  50  intermediates.  We  expect  that  ten  to  twenty  preparations  will 
be  dropped  because  of  difficulties. 

In  the  prtApsration  of  these  arsinic  acids  we  will  encounter  at  least 
two  classes  of  intermediates.  One  class,  the  arsonlc  acids,  have  the  follow¬ 
ing  structural  formula; 


OH 

I  I 

R'  •  As  -  OH  AraoiUc  Acids 

II 
0 

in  which  R'  la  the  series  of  organic  groups  shown  in  Table  IT.  We  will  sub¬ 
mit  a  sample  of  any  arsonlc  acid  that,  we  prepare  or  purchase,  that  Fort 
Detrlck  has  not  already  tested. 
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Thiii  oLliisr  clasf  of  Intermfidlates  that  wa  wilt  (incouiU'ir  in  a  mi 

trlv/nU'nt  or|^»jnl,c.  ars«nLc«lir,  of  which  thu  To, I  lowing  acci  «ix«,inp  I  : 

R'  A»  -  0  or  K'  Ab  CI2 

Arilna  Oxida  Arslna  DiclilorL'ia 

In  thi'^na  int«rmtdi«toi  R*  la  again  Chn  narles  of  organic  groups  ahown 
in  Tabltt  II.  Moat  of  tha  intarmadiatai  are  volatile,  highly  toxic,  and  not 
•atlafactory  aa  herblcidci  or  defollanta.  Therefore,  only  in  casria  whcrtt 
the  volatility  is  low  will  wo  aubmit  aamplaa  for  screening. 

Our  contract  began  in  June  1962  and  run*  through  Septombar,  1964. 
Through  June  1943,  42  preparations  ware  aubmitted,  two  preparations  wore 
dropped  bncausa  of  difficulties,  and  nine  praparaticns  vorri  in  procosi, 

Our  nianpower  through  June  1963  was  two  chemists  and  oiio  tochnlcian,  On 
n  June  Wo  added  a  third  chemist  end  the  first  wonk  In  August  we  will 
add  «  second  tut  Ini Ic Ian. 


b.  PAST  WORK 

Ontj  of  the  aval  labia  methods  for  making  these  acids  is  by  applieattpn 
of  what  has  become  known  es  tht  Mayar  Reaction.'  This  is  tha  formation  of 
a] kanc-arsonates  from  iodium  arianite  and  haloalkanas,  Tlie  original  work 
has  btaan  much  extended  by  other  workers.  In  particular,  Auger^  has  shown, 
initial  I, y,  how  to  use  this  reaction  to  pruparo  arsinic  acids, 

Wh  IiMVfs  successfully  adapted  tliese  procedures  to  t'ur  n«ods  and  have  been 
Hhln  to  propariii  all  of  the  reported  alkylarsonlc  ami  arsinic  acids  that  wo 
have  tr1<'d,  In  addition,  we  have  prepared  a  numhur  of  lutw  compounds  by  this 
mnehod.  The  reactions  involved  in  this  method  nrn  shown  in  the  following 
HquatloiiH : 


AB2O3  +  6NaOH  ^  2(MaO)'^A8  (]j 

RX  4.  NaOAs  (0Na)2 - ^  RAh0.(0N*)2  +  NaX  (2) 

RA80,(0N«)2  +  21iA - hA*.0.(0H)2  -t  2  NaA  ('!) 


a1  kam:i-> 
arHunic  ocid 

RAsO.  (011)2  •t'  SO2  - ^  RAhO  4-  II2S1V,  (4) 

RAsO  4  2N«01I - )  RA8(ONa)2  (.^)) 

R'X  4-  NaO.RAHONM - .  K 'AhO  .n\'n  f  iv|,>,  x  (b) 

- ■)>  K.K'AsO.on  I-  Nn  A  (/) 

din ! ky I 


K.K'AsO.ONo  4-  VIA - 
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Using  tht  abov*  approach,  wa  initially  aynthosiaad  thraa  araonic  acids 
and  purchaaad  thraa  otnara.  From  thaaa,  wo  have  completed  20  arsinic  acid 
preparations  with  various  combinations  of  R  groups  shown  in  Table  I. 


C.  CURRENT  WORK 


Wa  are  now  in  the  process  of  complating  another  group  of  acids  having  a 
variety  of  other  moletiea,  these  include: 

Table  HI. 


CH2"CHCH2  - 
- 

n-CgHi7  - 
CgHjCHj  - 
C6H5CH2CH2  - 


C5H5.CH3CH  • 
CgHjCH^CH^CH^  - 

2- CH3CgH4CH2  ■ 

3- CH3C6H4CH2  • 

4- CH3C6H4CH2  - 


The  Meyer  Reaction  does  not  usually  work  whan  using  haloaromatic  compounds 
if  the  halogen  is  attached  to  the  ring.^  Haloalkanes  will,  however,  react 
with  arsenosoaromatic  compounds.  We  are  now  also  completing  a  group  of  arsinic 
acids  in  which  one  organic  group  is  an  aromatic  ring.  The  arsenoso  materials 
are  obtained  by  sulfur  dioxide  reduction  of  the  numerous  arsonic  acids  that 
are  available  commercially.  The  aromatic  groups  include; 


Table  IV. 


A-H2N,2-H0C$H3  - 
2-H2NCgH^  - 
4-H2NC6H4  - 
CgHj  - 
A-ClCgHj  ■ 
4-Cl,3-02NCgH3  - 


A-HO 

A-HO,  3-O2NC6H3 

2- O2N 

3- 02NCgH4 
A-02NCgH4 

3-CH3CO,NH,A-HOC6H3 
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In  addition  to  thasa  proparetiona  thara  aro  otlmrs  tliat  are  not.  amcnnl)! r 
to  tha  abovp  mathodi,  A  vary  valuable  niathod  oC  Hyntluj#  1, icing  avomatii' 
arionic  and  aralnic  acida  haa  baan  davo loped  by  Bart.  This  invoLvoa  t.lir 
reaction  oC  a  dlaaonium  aalt  with  an  alkali  aranntta;  ua  ahown  In  thu  follow¬ 
ing  equation: 

RN2  ■*‘X"  +  (NaO)3AB - ^  RAa03H2  +  NaX  +  N2  (8) 

Thla  procoaa  can  ba  axtandad  to  form  diarylaralnic  acida  by  coupling  tho 
dlaio  compound  with  an  aromatlc-araonlta . 

RN2'*'X"  +  (NaO)2AaR'  - ^  R.R'Aa02Na  +  NaX  +N2  (9) 

Tha  uaafulnaaa  of  thaaa  raactiona  haa  boan  ahown  by  Bart  and  a  numbar  of 
othar  workara  to  ba  quita  graat.  In  our  work,  wa  ara  currently  uaing  thia 
reaction  to  prapara  a  numbar  of  aromatic  araonlc  acida.  Thoea  can  than  ba 
reduced  with  aulfur  dloxlda  to  form  tha  araanoaocompound,  Thla  araonoao- 
arana  can  than  be  traatad  with  a  haloalkane  according  to  Mayer 'a  Reaction 
to  form  an  arylalkylaralnic  acid.  Tho  aromatic  molatlaa  involved  In  thla 
group  of  compounda  include  tha  following: 

Table  V. 


1- Naphthyl 

2- Naphthyl 
2-fluorophonyl 
4-f luorophanyl 


vinyl 

pyrldyl 


2.4. 6- trichlorophanyl 

2.3.5. 6- totrachlorophanyI 
2-mathyl-4-f luorophanyl 

2.4- dlchloropher,yl 

2.4- dichlorobaniyl 
4,mathoxyphonyl 


D.  Firi'URR  WORK 

Wa  oxpoct  Hoon  to  complete  all  of  tho  proparationa  outlined  above.  Wn 
urn  now  In  the  proceaa  of  getting  approval  for  beginning  the  aynthoala  of 
another  Inindrad  or  00  compounda.  Our  new  prppoBal  Includes  many  liomologuos 
and  iflomors  of  th»t  above  compounda.  Tha  vast  n«ijurluy  of  the  arslnlc  ncida 
coninmplatod  will  contain  one  R  a Ikylgrons  from  Tablo  I, 

In  addition,  soma  pentyl-  and  hexyl-contnlnlng  compoundH  are  proposed 
as  well  as  some  containing  substituted  alkyl  groups. 
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PROBLEMS  ENCOUNTERED 

1.  Meyer '«  Rfia/^Llori  -  ArBonlc  Acldi 

Thl»  rnAcM.011  is  quite  itrulght forward.  Hromoalkares  inem  to  bo  tlie 
molt  practical  for  routine  laboratory  u»«.  Chloridei  react  uiua.lly  only 
slowly  and  witit  iodidec  ther^  is  trouble  in  isolation  because  of  the  follow¬ 
ing  reaction. 


RASO3H2  +  2H1 - ^  RAsO  +  I2  +  2H2O  (10) 

This  means  that  iodides  must  be  removed  prior  to  acidification. 
However,  when  the  arsenic  acid  is  insoluble  in  water,  it  is  posaible  to 
isolate  it  by  precipitation  with  a  calculated  amount  of  acid. 

2.  Meyer's  Reaction  -  Arsinlc  Acids 

This  reaction  is  also  straightforward.  It  is  attended  by  many  by¬ 
products.  If  the  >Leld  la  high,  there  is  net  much  trouble.  If  the  ylnldi 
are  low,  isolation  and  purification  present  great  problems.  The  by-products 
arc  apparently  vary  similar  to  the  product.  We  hav»j  unsuccwssful ly  tried 
to  apply  this  procedure  using  bromocyclopentane  and  bromocyc lohexane , 

3.  Bart  Ki-actlon  -  Arsenic  Acids 

This  rt-actlon.  although  straightforward  on  papar,  prn.»»?nts  all  of 
the  usual  troubl»-is  of  ordinary  dUxonium  reactions.  It  may  be  thought  of 
as  sn  adaptation  of  tlifr  long  f.sml  liar  Sandame.yer  Reaction,  In  addition  to 
this,  some  trouble  Is  encountered  with  dearaonatlon  during  Isolation, 

4.  Sulfur  Dioxide  Reduction 

This  proc-durc  works  well  with  al kan'sftrsor I c  acids  and  0  number  of 
aromstic  arsonlc  acids.  Some  of  thrsti  latter  appear  especially  8<4nBltivf' 
and  cither  reduce  further  than  the  arsonoso  compound  or  dcarsonote. 

5.  (general 

We.  are,  of  course,  running  Into  tiu*  agi  -old  probl'im  of  literature, 
n-iictlons  that  do  not  work  for  us.  In  addition  to  this,  we  give  ourselves 
a  problem  by  i  xamlnlng  each  compound  by  ac  Id* b.i.m'  tlLrlmerry  using  an  auto¬ 
matic  recording  tltrator  and  for  organic  and  Inorganic  trlvab-nt  arsenic. 
Some, times  wn  find  a  preparation  that  agrees  with  literature*  cha.rA.cterlsLtcs 
and  lias  tlie  cor^’t-ct  elemc;nt«l  aralysla,  but  proves  to  contain  mom  acids 
than  we  bargained  for  or  h  considerable’  imount  of  the  arsenic  content  1h 
presi  rr  In  rcduci;d  form. 
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IX.  PENNSALT  SYNTHESIS  PROGIiAM 


Harold  J.  Millar^ 


Whan,  a  llttla  ovar  a  yaar  ago,  tha  Chamlcal  Corps  invlLad  piroposnU 
for  programs  to  synthaalse  and  scroan  candidata  defoliants  and  daslccants, 
Pennsalt  submlttad  a  quite  detailed  proposal.  Tha  first  proposal  was  usod 
(and  to  a  somewhat  smaller  extent  is  still  boing  used)  as  a  working  docu¬ 
ment  for  the  saldctlon  of  compounds.  It  goes  without  saying,  tiuiroforo, 
that  a  good  deal  of  planning  went  into  the  proposal. 

Work  was  started  early  in  July  1962.  A  stock  of  Black  Valentine  beans 
had  been  built  up  Just  previously,  so  that  synthesis,  analytical  control, 
and  primary  screening  could  be  begun  nearly  simultaneously.  Some  range- 
finding  experiments  ware  carried  out  in  tha  greenhouses  until  such  time  as 
the  analytical  pipe  line  had  been  filled  and  an  assured  flow  of  chemical 
compounds  was  established.  By  range- finding  experiments,  I  moan  tho  evalu¬ 
ation  on  beans  of  a  number  of  commercial  defoliants  and  herbicidop  In 
various  formulations.  Results  of  the  extraneous  testing  have  been  luppliod 
to  Fort  Datrlck  aa  unnumbered  compounds,  since  we  anticipated  thftf.  tlie 
number  would  be  so  small  that  no  special  numbering  would  be  requlrod, 

Analytical  confirmation  of  atructures  has  bean,  in  terms  of  manpower,  a 
substantial  part  of  the  program.  In  all  but  a  vary  few  caHoi,  wo  have  been 
able  to  supply  compounds  of  firmly  established  identity.  In  a  very  fnw 
instances  we  have  supplied  samples  with  some  uncertainty  an  to  structuro 
with  tha  provision  that  more  detailed  analytical  work  would  ba  carried  out 
if  the  produeti  proved  to  have  a  degree  of  activity  warranting  continued 
interest.  Analytical  control  introduced  a  necosaary  lag  of  onu  to  two  weeks , 
rarnly  more. 

Tho  syntheals  program  has  been  undor  tho  direction  of  Dr.  PopofC  nnrl 
Dr.  Smith,  wlio  are  hero  with  me  today.  Tho  selection  of  compouruln  for 
synthuslH,  both  in  our  planning  phase  and  subsoquontly,  has  been  to  a  vnry 
largo  extent  tho  responsibility  of  these  gentlemen  with  tho  assistance  o£ 

Mr.  William  T.ee  and  myself. 

Tt  liBfl  boon  our  practice  to  transmit  samples  as  uonrly  as  possihlu 
si.mul  taiK-ious  ly  to  Fort  Dotrlck  and  to  our  own  greenhouse  for  primary  scroon- 
lug,  and  wo  have  shipped  samples  in  weekly  lots  of  20  to  25  or  30. 

Kuportlng  has  boon  accompli  shod  primarily  by  tho  use  of  thron  forms. 

A  Now  Product  Data  Shoot  forwarded  to  cover  eacli  compound  along  wlili  weekly 
Hhipments;  a  Plant  Response  Data  Sheet  for  each  compound,  provided  witli  tlui 
montlily  report;  and  a  Synthesis  Report  Form  doBcril)lng  the  method  of  syiiLlio- 
sis  for  each  compound,  submitted  with  tha  quarterly  reports.  A  somnwliai, 
diffirrontly  laid  out  Plant  Response  Data  Sheet  will  bo  usod  for  report  fiiy, 

Hiipp  1  omoiit a ry  scroenlng  on  four  woody  spades. 


^  Ponn.M.iln  ChnmJcaiH  Corporation. 
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In  order  Co  keep  Chemical  Corpi  awars  of  cur  program  planning  and  par¬ 
ticularly  to  enable  them  to  avoid  duplications  between  contractors ;  we  have 
periodically  supplied  candidate  compound  lists,  indicating  the  syntheses  on 
which  we  proposed  to  work  over  the  succeeding  month  or  so.  In  a  few  in¬ 
stances  they  have  called  us  off  on  proposed  compounds  that  they  had  already 
received  or  expected  from  other  sources,  but  there  appears  to  have  been 
surprisingly  little  overlap, 

In  no  case  have  we  completely  fulfilled  the  plan  shown  on  a  candidate 
compound  list,  nor  should  we.  Feedback  of  early  screening  data  is,  in  our 
view,  of  utmost  importance.  The  directors  of  the  synthesis  program  see 
results  in  the  greenhouse  constantly  and  have  been  able  to  take  advantage 
of  these  early  observations  to  amend  their  synthesis  programs.  In  addition, 
we  meet  at  frequent  intervals  for  detailed  formal  and  informal  discussions. 

During  the  first  contract  year  we  have  synthesised,  screened,  and  sub¬ 
mitted  1021  compounds,  representing  many  chemical  categories.  In  addition 
to  screening  at  O.l  pound  and  1,0  pound  per  acre  equivalent  as  requested  by 
Chemical  Corps,  wo  have  also  screened  at  10.0  pound  per  acre  equivalent. 

We  recognised,  of  course,  that  activity  disclosed  only  at  this  heavy  dosage 
would  be  of  no  direct  interest  but  felt  that  such  low-level  activities 
should  serve  to  channel  further  syntheses.  This  has  proved  to  be  the  case. 
In  several  instances  we  have  detected  activities  at  this  level  end  have 
been  able  to  prepare  analogs  active  at  1.0  or  0.1  pound  per  acre  equivalent. 

Taking  into  account  this  high  dosage,  35  per  cent  of  the  compounds  pre¬ 
pared  have  shown  some  activity,  13.3  per  cent  were  active  as  defoliants  at 
the  0.1-pound  dose  and  an  additional  13  per  cent  at  the  1.0-pound  dose.  A 
substantial  number  of  the  first  750  compounds  submitted  have  been  selected 
by  Chemical  Corps  for  woody  plant  screening.  Of  the  first  250  compounds 
we  have  supplied  additional  quantities  of  21  for  further  evaluation. 

For  our  own  use  in  organising  plant  response  date,  we  have  adopted  a 
rating  system  that  enables  us  to  seperete  compounds  of  50  per  cent  or  more 
defoliant  activity  st  0.1  pound,  70  par  cent  at  1,0,  and  90  per  cant  at 
10  pounds.  This  gives  us  compact  and  consolidated  information  that  is 
readily  usable  in  the  analysis  of'  structure-activity  relationships. 

Periodically  wo  tabulate  for  study  the  compounds  In  the  higher  activity 
categories,  further  subdivided  by  structural  categories.  Although  computer 
equipment  Is  available  when  needed,  we  have  not  to  date  found  It  necessary 
or  desirable  to  employ  it  In  this  program.  With  a  much  larger  number  of 
compounds  wo  would  undoubtedly  go  to  computer  techniques. 

We  have  welcomed  and  found  most  useful  the  feedback  of  data  from  Dr. 
DeRose  and  Mr.  Ray  Frank.  In  general  our  findings  have  corresponded  very 
well  in  spite  of  the  fact  that  wo  are  employing  quite  different  procedures. 
Correspondenco  has  been  particularly  good  on  desiccant  affects,  as  should 
be  expected. 


Xhia  ■dlflctton  of  compoundi  for  acraening  l\fl«  boon  nwd>3  on  n  nuinbMr  ol. 
bJ»9cja  Including: 

(■a)  Compoundi  raUtnd  to  endothaU.  and  to  butynadiol,  dwPollAnLj. 
thAt  woro  originated  by  Pannsalt  and  that,  in  Chumical  Corps  Lmsts  pre¬ 
ceding  thn  program,  had  shown  promising  results. 

(b)  Compounds  more  or  less  reUtod  to  substances  having  rocognlised 
activity  of  one  sort  or  another  in  plant  systems. 

(c)  Leads  from  Pannaalt  screening  (on  cotton) • 

(d)  Compounds  for  which  a  hypothetical  mode  of  activity  could  bn 
Imagined.  1  emphasise  the  word  hypothetical. 

(e)  Soma  compounds  ropraianting  novel  structurns  whose  possible 
activity  in  biological  systems,  insofar  as  revealed  by  the  literature,  was 
unknown. 

Compounds  selected  for  synthesis  are  searched  through  the  lltatratnre 
(Chemical  Ahstructs  and  Bellstoin)  before  work  is  begun.  If  thu  compound 
has  been  reported,  duplication  of  savaral  given  physical  properties  is 
considered  adequate  to  confirm  the  identity.  If  the  compound  is  not  known, 
suCflci(»nt  elemental  and  spectral  analysis  to  establish  identity  is  cavrlnd 
out.  Analytical  data  are  also  obtained  on  known  compounds  where  the 
literaturo  is  vague  or  contradictory,  and  whore  new  synthetic  approaches 
are  employed. 

It  may  b«  of  interest  to  note  that  roughly  one-half  of  the  compounds 
lyntliosieud  during  the  contact  year  were  now  compositions  of  matter;  that 
is,  they  wore  unrecorded  in  the  literature. 

I’annsalt  had,  of  course,  some  years  earlier,  synthosized  a  number  of 
analogs  and  dnrivativas  of  ondothall  for  the  purpose  of  astabllshliig  thu 
aruaa  for  patent  coverage.  These  compounds  had  bean  evaluated  by  dlffornnt 
tochniquas  from  those  employed  in  the  present  program.  Several  of  the  morn 
actlvn  of  theiBQ  were  resynthesized  for  screening  on  Black  Valentino  baai\8. 

In  .addition,  particularly  during  the  first  stivural  montlis  of  thn  program,  i\ 
numiuir  rji!  additional  ondothall  analogs  wuro  prop^rud,  .Some  of  tliosc  havu 
shown  significant  differences  from  endothu  L I  ti.Holf:,  pr':i»um..il)ly ,  however, 
n.s  tho  ro'-oilL  of  tlin  cllffuroncflB  in  punetvfltlon  nnd  tranw  iocat  ion ,  tiu!  modn 
of  Moi\  At  i„!io  site  appearing  to  he  very  similar.  A  few  compounds  sliowed 
promlHo  ol:  pi,('vidlng  faster  deCo  I.  t«t  ion  than  disodium  andotlmll. 

A  I'liw  ondothall.  analogs  namod  in  our  original  proposal,,  or  In  uiil)Hi;''iiiont 
canflidai,'-,  compounds  lists,  have  proved  vary  d  I  l:  l:  Lu  u  It  to  Hynthnsl^io  and 
souk;  Hddi.  I.  lonal  i.'ffort  will  ho  expondud  on  tlioati. 
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Sever*l  year*  ago  Pennaalt  alao  oxplorad  the  analogs  and  derive, t ivci  of 
butynsdiol,  using  cotton  as  ths  scroonlng  plant.  A  collection  of  thf?se 
compounds  was  offered  to  Fort  Detrick  at  that  time  and  thrse  W(*ro  more 
broadly  screenod,  The  structural  simplicity  of  the  prototype  compound 
nevertheless  made  this  an  area  of  interest  and  one  that  we  fnlt  had  probably 
not  been  thoroughly  investigated  in  other  unpublished  programs,  We  antici¬ 
pated  that  many  of  the  structures  proposed  would  present  synthesis  diffi¬ 
culties,  as  was  indeed  tho  case. 

A  number  of  butynediol  derivatives  and  analogs  have  shown  activity  at 
0.1  pound  per  acre  equivalent.  Some  of  these  accomplish  compl^<t'i‘  defoliation 
with  no  desiccation  whatever.  Indeed,  the  leaves  may  appear  more  turgid 
than  normal.  Their  rate  of  action  is,  however,  slow. 


T  an/I  aU.>ii1/l  nnl-  /llani.aa  nfUAt*  ■  1  hill'  If  la 

worthwhile  to  mention  that  a  number  of  phosphorus  compounds  havw  be<sn 
included,  and  that  all  personnel  who  may  come  in  contact  with  these  unknowns 
are  checked  oner-  a  month  for  cholinesterase  level.  Our  fourth  quart/irly 
report  classifies  compounds  for  diacussion  into  39  structural  catngorles 
including  a  small  miscellaneous  section  that  covers  those  compounds  each  of 
which  is  a  single  representative  of  its  class.  Since  many  compounds  are 
polyfunctional,  a  considerable  number  require  consideration  under  two  or 
even  three  categories. 


I  should  add  that  in  addition  to  the  thousand-odd  compounds  synthesised 
for  tho  program,  we  purchased  or  obtained  through  private  channels  about 
130  structurally  interesting  products  that  wore  considered  to  warrant  scronn- 
ing  in  their  own  right,  for  the  aaka  of  throwing  additional  light  on  struc¬ 
ture-function  relationships,  if  not  with  the  hope  of  discovering  a  signifi¬ 
cantly  active  compound.  Tliese,  therefore,  were  also  screened  and  reported 
and  samples  were  numbered  end  sent  to  Fort  Detrlck.  These  were  designated 
as  purchased  compounds  and  were  not  considorod  to  fulfill  any  part  of  our 
contract uaI  obligations. 


X.  ETHYL  SYNTHESIS  PJIOCRAM 
R.  D.  Cloflion'*' 


59 


In  dlicussing  our  lynthoaii  oparatlona  undar  thu  Army  Dcfcllunt 
Program;  I  propose  Co  briefly  monCion  percinenc  Ethyl  background; 
review  Che  organissCion  of  our  defolianC  program,  discuss  our  gunoral 
approaches  to  Che  synthesis  problems,  and  summarize  the  work  done  to 
date  > 

Prom  1947  to  1954,  Ethyl  Corporation  manufactured  and  marketed 
BHC.  In  1949,  we  initiated  an  exploratory  program  dosigned  to  discover 
new  agricultural  chemicals.  In  this  program,  the  synthesis  work  was 
dona  at  Dutroit  and  the  evaluation  work  at  Boyce  Thompson  InsCituto. 
During  the  program,  we  found  a  number  of  compounds  having  high  activity, 
particularly  in  the  areas  of  defoliants  and  other  plant-growth  effects, 
and  also  as  fungicides. 

Howi'vi'T;  rt  decision  was  made  in  1954  to  atop  activity  in  the 
flgrlcii Itural-clicmicfll  field,  and  the  exploratory  program  was  terminated. 
The  dlttcovcrioa  ; vaulting  from  the  program  were  sold  to  Pittsburgh  Coke 
and  Chemical  Company,  which  later  transferred  them  to  Chemagro.  Two 
commercial  chemicals  discovered  in  our  program  are  today  being  very 
sucensfully  markt-tod  by  Chemagro.  Theee  are  DRF,  wliich  is  oxtonslvoly 
used  MS  n  cotton  defoliant,  and  Dyrene,  which  is  marketed  as  a  fungicide. 

Stncv  most  people  do  not  connect  Ethyl  Corporation  with  agricultural 
chomlcttls,  I  wanted  to  point  out  that  we  have  successful  oxpcricnco  in 
this  /iron  of  research. 


A.  ORGANIZATION  OF  OUR  PRESENT  PROGRAM 

Figure  1  shows  the  formal  organlz.itlon  of  our  present  program. 

The  program  is  under  the  over-all  direction  of  Dr,  F. ,H,  lUfkln,  The 
-^ynthi'sls  portion  is  conducted  at  our  Detroit  Lohorntcrles  under  the 
rtiip'M'v  is  1  on  of  Dr.  R,  D.  Closson,  with  Dr.  ,T .  C,  Wollensak  reporting  to 
him  /iM  Prolt-ot  hufidor.  In  addition,  the  syntliesls  program  is  staffed 
with  thrff  PhD  clitunists  who  have  had  consldornble  synthesis  uxperionco, 
/liVl  tliey  h/ive  five  assistants.  The  evaluation  portion  of  the  program  la 
.■■ondiic't;i;d  at  Boyce  Thompson  Institute  under  the  direction  of  Dr.  1’.  H, 
P'UiIit>'d,  As  consultants  to  the  program,  wo  have  Dr,  W,  C,  Da  11 ,  Dean  of 
the  riclionl  of  Texas  A  and  M,  and  Dr,  G.  T.  McNew,  Director  of 

Boyo.  Thompson  Institute,  Both  of  these  men  nro  well  known  for  their 
out  „  r.,i  n.|  I  ng  work  on  defoliants  and  other  plant-growth  effneta. 


*  i:  I  liv  I  lo  rpor/i  f  I . 


61 


f>«lpt;tlon  of  compoundu  for  iynthftiils  1.8  fl  cooperrttfvc  opirrarlon 
Involving  evftryone  connoctad  with  the  program •  '' 

Ah  a  tntiariH  of  dlicuBilng  our  raiftftrch  approach,  leii'n  loc,'k  at 
Figure  2,  which  outlines  in  a  very  slmpUfted  manner  the  steps  leading 
to  the  discovery  of  a  new  defoliant i 


1.  SELECT  COMPOUND  FOR  STUDY 

2.  SYNTHESIZE  OR  OTHERWISE  PROCURE  A 
SAMPLE  OF  THE  COMPOUND 

3.  SCREEN  THE  COMPOUND  TO  ESTABLISH 
THAT  IT  IS  A  DEPOLIAN’f 

4.  DEVELOP  THE  COMPOUND  THROUGH  FORMULATION 
STUDIES,  FIELD  TESTS,  PROCESS  DEVELOPMENT, 
DISSEMINATION  STUDIES,  AND  PRODUCTION 

I'igure  2,  Steps  Leading  to  Discovery  of  an 
Improved  Defoliant  for  Military  Application 


Considering  briefly  each  of  the  four  steps  outlined  in  Figure  2, 
we  can  Ignore  Step  4  at  present,  since  it  is  outside  the  scope  of  this 
conference.  Step  3,  screening  of  the  compound  to  establish  its  of  fee- 
tivonenH.  Is  certainly  of  major  Importance  and  Is  a  vary  difficult 
problem.  However,  screening  end  screening  procedures  are  on  the  pro¬ 
gram  for  discussion  tomorrow.  Stop  2,  synthesis  or  procui;ement  of  the 
compound,  although  requiring  appreciable  effort,  usually  does  not  present 
a  major  problem  to  u  staff  of  competent  synthesis  chemists.  However, 

St&p  1,  selecting  compounds  that  will  bo  effective  defoliant  compounds, 
represents  Che  major  challenge  of  the  program. 

Figuri'  j  '.'ut linos  the  general  appronehns  we  use  in  selecting  com- 
|)0'.inds  the  dnfollnnt  program.  As  I  moncl.onod  unrU.er,  t!io  cumpcnmils 
•>0  li.*cii,)''l  t  fiprc.'ui'nt  the  combined  thinking  n|  our  consultants  and  project: 
per  I  . 
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X.  FOLLOW-UP  ON  LEADS  PROM; 

(a)  PREVIOUS  AGRICULTURAL 
CHEMICAL  PROGRAM 

(b)  RECENT  SCREENING  RESULTS 

(c)  LITERATURE 

(d)  IDEAS  BASED  ON  HYPOTHETICAL 
MECHANISMS 

II.  NEW  AREA  DEVELOPMENT  -  EXPLORATORY 

Figure  3.  Beals  for  Selecting  Com¬ 
pounds  for  Screening 


Over  the  pest  veer,  we  heve  supplied  329  compounds  for  screening,  A 


broed  renge  of  compound  types  hes  been 
of  these  compound  desses. 


ACETYLENES 

ALKYUTED  AROMATICS 
AMIDES  AND  THIOAMIDES 
AMINES  AND  AMINE  OXIDES 
RUNTE  SALTS 
CARBAMATES 

CARBOXYLIC  ACID  ESTERS 
DTOXALANES 
ORGANOMETALLICS 
ORGANOPKOSPHORUS  COMPOUNDS 

Figure  4.  Clesses  of 


represented.  Figure  4  lists  a  numbor 


SULFIDES 

SULFONES  AND  SULFOXIDES 

SULFONATES 

THIADIAZOLES 

THIAZOLES 

THIOCARBAMATES 

THIOCARBONATES 

THIOLS 

TRIAZINES 

UREAS  AND  THIOUREAS 
Compounds  Scroenod 


Each  of  these  claaseH  could  be  broken  down  further  Into  subclasseg, 
ufl  has  been  done  In  Figure  5. 
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AXES 

THIONATES 

R3P 

RoPCOR) 

3 

3' 

RP(0R)2 

1 

44 

7 

RP(SR)2 

8 

4 

3 

RP(NR)2 

RP(.SR)(0R) 

6 

6 

6 

2 

RP('NR)(0R) 

2 

P(0R)3 

9 

32 

4 

P(0R)2SR 

2 

1 

P(0R)2NR 

3 

15 

9 

P(SR)20R 

2 

1 

P(NR)20R 

1 

1 

P(SR)3 

1 

2 

5 

P<SR)2NR 

P(SR)tNR)2 

1 

1 

1 

P(NR) 3 

2 

2 

10 

PHOSPHAZINES 

6 

RaP^ 

1 

(R0)2PS2' 

RO2PO2  * 

12 

3 

Figure 

5. 

Organophosphorui  Compounds 

Screened 

In  Figure  5^  Che  222  organophoaphorus  compounds  scrooneci  Co  dnCe  nn< 
broken  down  on  the  basis  of  sCructurnl  formula,  The  numbers  of  compounds 
of  cnoh  H true  Cure  Cypo  screened  arc  shown  Chore. 

In  tfrms  of  numbers  of  compounds  screened,  Che  orgnnophosphorus  group 
In  our  InrHcst.  This  la  mainly  bacnusc,  nC  Che  beginning  of  Che  program, 
wo  hud  on  Itnnd  samplas  of  a  large  number  of  organophosphorus  compounds  CliaC 
could  be  supplied  Co  Che  program. 

Arranging  our  screening  rosulCa  by  compound  Cypos  and  studying  tlu' 

1 V 1  ty  results  In  each  group  frequently  pormiCs  us  to  determine  what 
Htru'-turnl  c.haractcristlca  aro  asaocintod  witli  observed  defoliant  or 
hi  rhlcldal  activity. 

llowi'vcr,  t  do  not  mean  to  imply  that  progress  results  solely,  or 
pi  r haps  ivon  oNually,  from  the  systematic  approach.  This  might  be 
Illustrated  by  Che  phosphoramldatns,  of  which  we  hud  tested  22  compounds, 
all  havlug  no  activity.  One  of  the  chemists  still  felt  that  a  particular 
phnsphoraiiildnte  was  worth  testing,  since  it  was  spatially  related  to 
anoiJiiT  active  compound.  It  was  tested  and  found  to  be  active.  We  have 
N I  a.  c  prcp/ired  three  more  compounds  In  this  class,  two  of  which  have  nhown 
ael:  1  v  1 1:  v  . 
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B.  GENERAL  SUMMARY  OF  PROGRAM 

During  th«  past  yunr,  we  have  submittod  529  compounde  for  ecrocntng.  Tlio 
•ourcoe  of  thane  compounde  were: 

(a)  393  compounde  were  eyntheeleod  for  the  project. 

(b)  82  organophoephorue  compounde  available  from  other  laboratory 
pregrame  were  eupplied  to  the  program  at  no  coat. 

(”)  54  compounde  from  miece llaneoue  aourcoe  were  obtained  an 

aamplee,  purchaaed,  etc. 

Although  I  doubt  that  we  have  yet  uncovered  the  compound  or  compounde 
that  will  find  application,  I  think  the  acreenlng  reeulta  obtained  to  date 
are  generally  encouraging.  Approximately  35  of  the  compounde  aubmitted  to 
primary  nicreening  have  ehown  an  appreciable  degree  of  activity  on  bean 
ecedlinga.  Thuae  data  have  indicated  a  number  of  chemical  arena  for  further 
inwatlgatlon.  W«  aUo  were  encouraged  by  aome  of  the  reaulta  of  aecondary 
acraaning,  In  which  the  more  active  compounde  were  acreenod  on  four  tree 
apecie».  Two  of  our  compounde  cauaed  total  defoliation  of  two  of  the  tree 
apeclea  at  five  pounda  per  acre  and  very  extenaive  defoliation  at  one  pound 
per  acre. 

In  concluaion  I  want  to  thank  Dr,  Minarlk,  Dr.  .Brown,  Dr.  Dnrrow,  Dr,, 
Roblnaon,  and  Dr.  OeRoae  for  their  cooperation  and  guidance. 


XI.  MONSANTO  SYNTHESIS  PROGRAM 


St«nl®y  D.  Kpcli* 


In  picking  compound®  ai  ctndldata  dafoliantn^  wo  luva  chosnn  L’rnm  tlircio 
main  groups:  (•)  rslatlvss  of  known  dafolUnts  and  harblcldus,  (b)  Monsanto 
Chomlcal  Company  hot  Itads^  and  (c)  a  rational  scroon  of  novel  compounds 
not  likoly  to  have  bear,  tasted  previously  for  defoliant  activity. 

Wo  have  not  put  much  effort  on  the  first  group.  Wo  have  fnlt  that  tho 
industry  has  oxhaustively  examined  esters  end  analogs  of  2,  4-D  and  the 
other  well-known  commercial  products,  and  that  our  chances  of  success  in 
this  area  wore  smell.  Where  we  have  chosen  relatives  of  the  known  compounds, 
their  activity  hes  not  exceeded  that  of  tho  commercial  product. 

Monsanto  Chemical  Company  hot  leads  have  provided  us  with  one  excellent 
group,  the  quaternary  ammonium  iodides.  Since  these  compounds  are  disclosod 
by  issued  patents,  I  feel  kble  to  mention  them  by  name  to  this  group.  I 
will  discuss  tho  activity  of  some  of  these  compounds  in  detail  in  tomorrow's 
talk.  Tn  addition  to  these  compounds,  there  are  three  other  hot  loads  that 
have  already  been  approved  for  synthesis  by  the  Army.  These  compounds  are 
now  being  made  and  we  expect  to  have  the  results  from  some  of  them  in  the 
coming  quarter  (ending  30  September). 

Most  of  tho  compounds  we  have  suggested  have  fallen  into  tho  category  of 
our  rational  screen.  We  feel  that  this  emphasis  is  proper,  in  yielding  thn 
srnatest  chance  of  making  a  breakthrough  to  a  new  type  of  effectivu  com¬ 
pound,  To  date,  this  screen  has  given  us  throe  leads.  Two  are  miitaLorganics , 
with  difforont  motal  atoms.  The  third  is  an  organic  sulfur  compound.  Ilomo- 
logs  of  those  leads  are  being  put  into  the  system,  and  wo  expect  to  bo  able 
to  test  many  more  relatives  in  the  coming  quarter. 

It  is  hard  to  know  what  the  word  "raticnal"  means  In  thn  phrnno 
Hcr<jen."  Our  list  of  candidate  compounds  is  made  up  of  thu  contributions 
from  all  of  our  chemists,  and  I  edit  their  suggestions,  sometimoH  tactfuUy 
trying  to  convince  them  not  to  offer  some  banal  chomlcal  function,  Tlin 
casu  of  the  tliraa  loads  that  have  emerged  from  our  rational  scrunn  1h  in- 
sirucr.ivu;  Thn  first  metalorganic  was  one  of  n  large  group  suggnstod  hy 
uno  of  our  lass  experienced  chemiots.  I  Colt  tliat  ho  was  overdoing  tills 
particular  group,  and  after  he  had  auggostad  U)  or  40  with  tlvLs  particular 
iiKil.ul  central  atom,  1  instructed  him  to  stop,  and  movo  on  to  soma  other 
fluid  of  organic  chemistry.  The  following  day  tho  scrounlng  resultH  on  tho 
vury  actlvn  mombar  arrived,  This  compound  is  the  most  active  coiiipoutul  wi; 
have  had  all  year  in  the  primary  screen,  and  shows  high  activity  agnliiHl 
Huvaral  woody  species  as  well. 


*  MmiHunto  KoBearch  (lorporat Ion . 
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Another  chfimlit,  thii  one  with  long  experience,  decided  to  suggwet  a 
group  of  compound*  choeen  from  e  ceblnet  of  chemicals  he  had  In  Ills  U,b. 

Since  Ikii  exerclaed  "rational"  choice  in  picking  them,  T  reluctantly  driclded 
to  l«t  them  go  through.  There  waa  Immediate  advers*:'  cnmmirnt  fr^'m  tlicr  other 
experienced  profesilonala,  who  felt  that  the  list  had  b«(fcn  cheapened  and 
that  this  nonsense  was  sure  to  make  us  look  foolish  to  the  project  monitor, 
Soon  the  Information  came  back  that  one  member  of  that  group,  anotliwr  metal- 
organic,  had  be^sn  previously  screened  by  Monsanto  Chemical  Company,  and  was 
an  active  defoliant  (75  to  100  per  cent  at  six  pound*  per  acre).  This 
class  has  not  been  reported  active  In  the  public  litcsrature. 

The  third  active  lead,  tha  sulfur  compound,  was  thu  one  example  that  had 
sneaked  through  when  other  homologs  had  been  consciously  abandoned  for  fear 
they  would  be  nnstable  to  hydrolysis.  It  Is  quit*,  possible,  of  course,  that 
this  active  compound  It  alto  hydrolysed,  and  that  the  activity  comes  from 
th*  products  of  the  hydrolysis.  In  any  event,  editing  out  tha  homologs  In 
an  effort  to  makr.  our  list  more  rational  was  again  the  wrong  thing  to  do. 

Fn  spite  01  all  this,  we  still  attempt  rationally  to  choose  compounds 
to  suggest  as  candidate  dttfollants. 

Our  procedure  for  making  our  lists  of  candidates  Is  as  follows: 
Compounds  are,  suggested  by  all  senior  professionals,  and  occaslonslly  by  the 
younger  men.  They  are  Instructed  to  examine  their  candidates  and  reject 
those  that  are  unsuitable  because  of  expected  toxicity  to  mammals,  vola- 
tlllty,  or  Instability.  After  editing  In  Boston,  the  Hit  Is  sent  to 
Monsanto's  Sample  Record  and  Control,  In  St.  Louis.  Sample  Record  and 
Control  Is  an  operation  that  controls  and  records  (as  the  name  suggests) 
almost  all  of  the  samples  prepared  In  the  entire  Monsanto  organisation,  In¬ 
cluding  tubtldlarlKS,  The  central  feature  Is  a  computer  system  that  It  alto 
able  to  handle  conventional  organic  structural  formulas.  At  Sample  Record 
and  Control,  our  candidate  list  Is  checked  against  the  largo  flve-dlglt 
number  of  tampl'^s  Monsanro  has  already  sern^ned  for  herhlcldn  and  defoliant 
action.  If  a  compound  is  found  to  have  been  tt^st.wd  on  Monsanto’s  proprietary 
screen,  it  is  dropped  from  our  test  list,  so  as  to  avoid  needless  duplication, 
but  If  activu,  Its  structure  Is  noted,  and  homologs  are  submitted  so  as  to 
Introduce  this  activity  into  the  contract  program.  About  throe  per  cent  of 
the  compounds  on  our  lists  have  been  rejected  because  of  this  typ^-  of 
duplication. 

The  culU'd  list  Is  then  sent  to  the  Army  for  epprovnl.  Our  experience 
is  that  th<'  Army  has  reject.'^d  about  one  pnr  cent  of  thu  compounds  wu  have 
Huggestud.  presumably  becauso  of  duplication  with  compounds  they  hav>i  tested, 
or  wiuc'u  wr-r.  sugg  by  other  contractors. 
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Syntheiis  li  carried  out  In  our  Uboratoriui  in  Boston  mid  DaytiMi,  ('lun. 
About  20  par  cant  of  the  work  has  baon  done  in  Dayton,  My  author Ity  U 
dulegatod  to  threa  senior  profciiionals  in  Boston  and  one  in  Dayton  who  do 
the  day-to-day  bench  supervision  of  the  synthesis.  Bacli  cluimist  usually 
has  the  full-time  use  of  a  laboratory  assistantj  and  tho  exclusivo  usu  of 
one  hood, 

Syntheses  are  carried  out  at  the  quality  level  required  for  work  roportod 
in  tho  Journal  of  Organic  Chemistry.  Elemental  analyses  and  structure!  proof 
are  required  for  new  compounds,  and  no  compound  is  submitted  unless  it  has 
been  unequivocally  characterised.  Although  high  purity  is  sought,  it  is 
recognised  that  this  is  a  screening  program.  Where  further  purification  is 
not  Justified  or  practical,  impure  samples  have  been  submitted  with  the 
degree  of  purity  carefully  noted. 

Wc  ship  samples  to  the  Army  weekly,  and  have  shipped  757  in  about  seven 
months.  This  extrapolates  to  a  rate  of  1335  per  year.  Of  this  number, 
about  ten  per  cent  were  purchased,  or  acquired  without  synthesis.  IronicaUy, 
so  far  these  have  proved  to  be  more  active,  because  they  usually  ropresent 
feedback  from  screening  results  or  Monsanto  Chemical  Company  data. 

Wo  hope  to  be  able  to  maintain  this  quantitative  level  of  production, 
and  that  tho  number  of  active  compounds  will  rapidly  increase  as  wu  got 
more  feedback  from  screening  results. 


XII.  PREPARAT^N  OF  NEW  ARSINIC  ACIDS  AND  ESTERS 
M.E.  Chlddlx* 


Gon«rnl  AnlUno  han  batn  icrasnlng  now  organic  compoimdH  for  unv  nn 
herblcldcn  Tor  u  nnmbar  of  yoars.  Our  tntcrosC  In  Chn  prosont  contracL 
work  wns  twofold.  Flrnt,  we  had  found  a  number  of  biologically  active 
groups  in  the  courao  of  our  herbicidal  screening,  and,  secondly,  we  had 
in  the  company  o  man  with  an  unusual  background  of  experience  in  arsenic 
chemistry,  Dr.  J.F.  Morgan.  Dr.  Morgan  worked  with  Prof,  Hamilton  at 
Nebraska  during  the  war  on  organic  arsanleals,  and  is  co-author  of  the 
chapter  in  "Organic  Reactions"  on  the  Bart  Reaction  for  the  Preparation 
of  Aromatic  Arsonic  and  Arsinic  Acids. 

In  Figure  I,  there  are  listed  two  very  effective  defoliants,  cacodyllc 
acid  (dimethyl  arsinic  acid)  and  butynediol,  The  first,  as  you  know,  has 
been  found  to  lie  .an  effective  defoliant,  and  the  gentleman  from  Ansul  have 
described  some  variations  on  its  structure,  which  they  arc  under  contract 
to  prepare.  The  second  compound,  butynediol,  is  manufactured  by  GAP. 
Unfortunately,  Its  excellent  defoliant  properties  wore  dlscnvorad  by 
Pennsnlt  and  not  liy  GAF. 


Introduction 
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HOCHjO  S  CCHjOH 


CacodvUc  Acid 


Butynediol 


Proposed 


FI  gum 


R 
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R 
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OH 


Preparation  of  Now  Arsinic  Acids  and  Esters, 


In  our  contract  work,  we  propose  to  vary  the  alkyl  groups  of  thi'  urn  in  I  u 
acids  through  the  incorporation  of  biologically  active  groups,  part  I cu  hir I v 
tlmse  containing  triple  bonds  and  related  to  butynediol,  Other  active  tiuli- 
siliuunts  to  he  used  will  bo  illustrated  l.ator. 


*  (’.(•niTiil  Aniline  ^  Film  Corporation. 
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Tha  method!  for  the  preparation  of  thcie  arainlc  adds  will  bo  doNcrlbod. 
In  wiguro  2  are  ihown  the  reactions  for  the  proporatlon  of  alkyl  urslnlc 
aci.da  and  their  Intermediates.  In  the  first  step,  sodium  arsonltc  Is 
treated  with  an  alkyl  halide,  preferably  a  bromide  In  the  Meyer  Reaction, 
to  produce  alkyl  arsonlc  acid  salts.  In  the  second  step,  these  salts  are 
reduced  with  sulfur  dioxide  In  hydrochloric  acid  solution  to  produce  alkyl 
dlchloroarslnos .  This  Intermediate  Is  then  converted  with  caustic  to  the 
dlsodlum  nlkyl  arsonlte.  If  this  compound  Is  then  alkylated  again  with 
another  alkyl  halide,  dlalkylarslnlc  acids  are  produced.  This  is  an 
extension  of  the  Meyer  Reaction. 


Alkyl  Intermediates 

1)  AstONa)^  me  -7— >  RAa0(0Na)2  (Meyer  Reaction) 

2)  RAB0(0Na)2  +  HCl  +  SO2  - )  RAlClj 

3)  RASCI2  +  NaOH  - )  RAi(0Na)2 

Alkyl  Arainlc  Acids 

4)  RA8<0Na)2  +  R'  X  - > 

^  A|i02Na  (Meyer  Reaction) 

R  ^ 

Figure  2.  Preparation  of  Arslnlc  Acids 


In  Figure  3  are  shown  the  reactions  for  the  preparation  of  aromatic 
arslnlc  acids.  In  tha  first  reaction,  sodium  arsenlte  Is  treated  with 
benxonc  dlaxonlum  chloride  to  produce  a  phenyl  arsonlc  acid  salt  by  the 
Bart  Reaction.  This  can  then  be  reduced  In  the  same  way  as  the  alkyl 
derivatives  to  form  phenyl  dlchloroarslne  and  neutralized  to  form  the 
dlsodlum  plionyl  arsonlte.  There  are  two  woys  to  prepare  arslnlc  acids 
containing  one  aryl  group.  In  Reaction  4,  an  alkyl  halldo  can  bo  used  to 
.ilkylnte  tha  phenyl  arsonlte  producing  an  alkyl  phenyl  arslnlc  acid. 
Another  method  Is  Illustrated  In  Reaction  5,  In  which  nn  alkyl  arsonlte 
In  treated  with  an  aromatic  dlazonlum  chloride  (Bart  Reaction).  If  R 
In  aromatic,  n  mixed  dlaromntlc  arslnlc  acid  con  bo  produced. 

In  Fluure  4,  a  niimbor  of  the  proposed  variations  on  dlalkyl  arslnlc 
ncldN  are  Illustrated.  Rj  Is  a  lower  alkyl  such  as  methyl,  otliyl,  propyl, 
or  butyl.  R2  Is  u  more  active  substituent  such  as  prnpargyl,  butynyl , 
liydroKylbutynyl  ,  or  ch  1  orobutyny  I .  R2  can  also  be  nllyl,  liydroxyotliyl , 

01  2  ( 2  ■  jiyrr  0 1  Id  lnf)n"  1  -  y  l)o  thy  I . 
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Aryl  Intermediate! 

1)  A8(0Na)3  +  CgHjNjCl  ^  CgH5AiO(ONa)2  (B«rC  RoacLlon) 

2)  C6H5A80(0N*)2  +  HCl  +  SO2  - i  C6H5A8CI2 

3)  C6H5ABCI2  +  NaOH  - >  C6H5Ai(ONn)2 

hu\  .ActiPAs.AgAd.t. 

4)  C6H5AB(ONa)2  +  RX  - >  C6H5(R)A802Nfl 

5)  RAH(ONa)2  +  O2N-C6H4N2CI  - ►  02N-C6H4-A802Na 

i 

R  (Bart  Reaction) 

Figure  3.  Preparation  of  Aralnlc  Adda 

Ri  0 
^Nas  -  OH 
R2/ 


R3  -  H,  CH3,  CH2CI,  CH2OH 
Figure  4,  Propoaod  New  Aliphatic  Aralnlc  Acids 


■  Lower  Alkyl 
Rj  •  ■CH2C  B  C  -  Rj 
-CH2CH  -  CH2 
-CH2CH2OH 


■CH2CH2N 


9 


In  Figuie  some  specific  examples  of  tliese  variations  are  given. 

No,  1  1h  the  propargyl  methyl  arslnlc  acid,  which  can  he  proparoci  tlirougli 
tilt;  Meyer  Reaction  with  propargyl  bromide.  No,  2  is  the  hydroxyluityny  1 
chloroethyl  arslnlc  acid  prepared  from  the  bromohydrln  shown.  No.  J  1  .s 
u  hydroxypropylhutyl  arslnlc  acid  from  propylene  oxlfle.  No.  4  Is  nllyl 
inetliyl  arslnlc  acid  from  allyl  bromide,  and  No.  5  Is  a  dl  fonctlonnl  arslnlc 
acifl  Irotn  the  reaction  of  two  moles  of  sodium  methyl  arsontte  and  one  mole 
of  I  he  d  1  hromohiiteno .  Some  additional  examples  are  shown  in  Figure  h. 
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1/  HC  7  CCH2  :CHj:  Ai02H  from  HC  *  CCH2Br 

2)  HOCH2C  CCH2<C1CH2CH2)A«02H  from  HOCH2C  ^  CCH2Br 

0 

3^  CH3CH0HCH2v:C4H9)A*02H  from  CH3CHCK2 

4)  CH2  CHCH2(CH3)A902H  from  CH2  •  CHCH2Br 

5)  H02A»(C'H3)CH2CH  *  CHCH2<CH3)Ai02H  from  BrCH2CH  •  CHCH2Br 

Flguro  5.  Ex«mpl«s  of  AUphaCic  Aralnlc  Acidti 


1) 

2) 


H0CH2CH20CH2CH2(C4H9)Ab02H  from  H0CH2CH20CH2CH2Br 


■  CH- 


CH 


HOoA« 


■CH,c;H  -  CHCH, 

^4h 


A902H  from  (CICH2CH  -^2 

6w 


(!h2CH2<C2H5)Ai02H  from  CH2CH2CI 

Flguro  6.  Examplon  of  Aliphatic  Aralnlc  Adds 


The  varlotlonj  proposed  with  aromatic  aralnlc  acldi  are  shown  In  Figure  7, 
will  bo  a  lower  dikyl  group  and  the  other  substituent  a  substituted 
bonzene  whore  R2  may  be  chloro,  nltro,  mothoxy,  or  sulfonamide.  The  work 
on  chloro  aud  nltro  substituents  will  ho  emphasized. 


R2 


I 


Ri 


R|^  Lower  Alkyl 

-CH2C  «  C  -  R^ 

■■CH2CH  •  CH2 
••C>‘2CH20H 

R2  '•  Cl,  NI02,  CrijO-',  ■••SO2NH2 

» 

R3  •  H,  CH3,  CH2CI ,  CH2OH 


Proposed  New  AroimiLlc  Arf'InJ.c  Acids 


l^ 


Some  specific  examples  of  aromatic  arslnlc  adds  arc  shown  In  Kluun.'  H. 
Chlorophonyl  propargyl  arslnlc  acid  Is  to  be  prepared  from  prop£irp,yl.  hromiric 
Allyl  p-nltrophenyl  arslnlc  acid  will  be  prepared  from  the  allyl  tiirHonli'o 
through  the  Bart  Reaction.  No.  3,  2-methoxy-4-nltrophonyl  arslnlc  acid,  can 
ba  prepared  from  the  butyl  arsonltei  and  No.  4,  2-hydroxyethyl-o-chlorophi'.nyl 
arslnlc  acid,  from  ethyleiiechlorohydrin  using  the  Moyer  Reaction. 


1) 


2)  O2N 


3)  O2N 


4) 


Q’rc".  CH 

.  /  Clt^v  ■  wfl 

Cl  ^ 

from 

HC  5  CCH2Br 

hQ>-A.O,H 

CH2CH  -  CH2 

from 

OjN 

-^~^A.02H 

from 

O2N 

OCH, 

CH3O 

3 

A 

iH2CH20H 

from 

CICH2CH2OH  or  CH2I 

Figure  8.  Examples  of  Aromatic  Arslnlc  Acids, 


Since  our  contract  work  Just  started  on  July  1,  I9ft3,  very  few  com¬ 
pounds  have  been  prepared  thus  far,  but  Figure  9  shows  five  Intormed I ates 
that  pra  being  prepared  at  the  present  time.  They  are  the  ethyl,  phenyl, 
allyl,  butyl,  and  2*chloroethy 1  arsonlc  acids. 


L)  C2HrjA(i03H2 


2)  C6H5A11O3H2 
J‘)  CH^  '»  CHCHjA^O.jHj 
^ '  C^HgAs03H2 
3i  ClChjCHjAsOjHj 

Fl>i,ure  9.  Intcrmcidlatos  BoIdk  Prepared. 


75 


XIII.  CROPS  DIVISION  SCREEN  INC  PROGRAM 
Edward  L.  Robinson'*' 


The  basic  goal  of  our  program  haro  at  Fori  Dotrlck  Is  u  rapid-acting 
defoliant  capable  of  use  In  vegotational  types  throughout  the  world,  Suclt 
a  defoliant  may  have  the  capability  of  rapid  defoliation  of  tropical  or 
temperate  vegetation  with  subsequent  recovery,  or  It  may  cause  the  plants 
to  die  following  Initial  defoliation.  True  defoliants  or  desiccants  would 
fit  the  first  category;  systemic  or  growth  regulant  herbicides  would  bo 
examples  of  the  second  type. 

My  discussion  of  the  defoliation  program  will  be  a  general  summary  of 
research  at  Fort  Oetrlck.  Details  of  test  procedures  and  results  will  be 
explained  by  other  speakers,  Mr.  Ray  Frank  and  Mr.  Domaroo.  Wo  hope  that 
our  presentation  will  stimulate  discussion  on  how  to  Improve  our  program. 

It  Is  possible  that  changes  In  screening  procedures  such  as  the  use  of 
different  plant  spoclas  or  techniques  may  be  desirable.  Your  comments  and 
questions  or.  the  program  will  be  appreciated  in  the  Interests  of  improve¬ 
ment  . 

I 

As  most  of  you  know,  I  am  relatively  new  In  the  program  here.  As  a  new¬ 
comer,  I  have  been  greatly  impressed  at  the  Interest  shown  In  the  defoliation 
program  at  this  meeting.  We  feel  that,  with  the  level  of  research  effort 
given  to  defoliation  In  the  program  at  Fort  Dotrlck,  a  substantial  contribu¬ 
tion  can  bo  made  not  only  from  the  standpoint  of  military  use,  but  in  agri¬ 
cultural  applications.  Through  the  synthesis  and  screening  program,  now 
potential  herbicides  and  chemicals  of  specific  value  In  agrlculturo  may  bo 
discovered . 

The  Initial  stop  in  the  research  program  In  defoliation  at  Fort  Dotrlck 
consists  of  synthosis  of  new  chemicals  --  candidate  dc'f  ollnntH ,  doslccantH, 
or  licrblcides.  Synthesis  effort  is  conducted  under  contract  with  several 
major  chemical  companies.  In  the  larger  contracts,  a  screening  program  Is 
carried  out  by  the  contractor  on  l4-day-old  Black  Valentine  bcuiiN  and  on 
Nflected  woody  species  In  close  liaison  with  the  Chemical  Branch  personnol 
at  Fort  Dctrick.  Under  other  contracts,  t!.p  syiitlieslzod  cliomlcals  aro  sub¬ 
mitted  directly  to  Fort  Detrick  for  initial  screening. 

It  should  he  emphasised  that  full  cons  1 dorau Ion  is  given  to  sources 
uLlior  iluin  government  synthesis  contracts  Cor  candidate  defoliants.  Close 
scrutiny  is  given  lists  of  new  chemicals  rocelvcd  by  tlie  Industrial  UalH('ii 
Ufftcu  (ILO)  at  Edguwood  Arsenal  Cor  a  chemical  with  possibln  defoliant 
Hctlvlty.  Largo  numbers  of  these  chemicals  from  many  Industrial  .‘'ourcus 
are  tivaluated  Cor  horblcldal  and  defoliant  activity  In  our  Bcruaui.''g 
program . 


*  U.S.  Army  Biological  Laboratories. 
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All  ch«imlc*l8  th«t  *rei  rfc^lvwd  by  the  Cropo  Division  from  8ypth^:sl8, 
TLO,  or  other  loutcfts  are  iubjtcteri  to  »  prlm*fy  scret^nln^t  protfram  under 
th«i  riil»‘<^iction  of  Dr.  DeRose.  This  sotnisning  1*  conducted  on  ono-wock-old 
pUnts  using  six  pUnt  ipecUs.  four  broadleaf  specie's  and  two  grass^-s. 

Th»i  activity  of  *tch  chemical  is  ratc;d  on  a  scale  of  one  to  four  on  escli 
■  P'fclei  for  a  maximum  rating  of  tw^-ntyfour  points.  Chemicals  are  applied 
In  ac'.-'tctif  solutions  at  rates  of  0.1  and  1.0  pound  per  acre.  Ratings  aro 
made  over  a  period  of  two  weeks. 

The  next  step  In  the  defoliation  screening  program  Involves  twits  on 
14 'day-old  Black  Valentine  beans  at  similar  application  rates.  Chsmlcals 
teBtt.d  In  this  program  Include  thoae  with  an  activity  rating  of  ten  or  more 
In  the  primary  acresnlng  program  on  alx  plant  species.  All  chomlcaU  show¬ 
ing  activity  In  acreanlng  programs  conducted  by  contractors  ar«  tested  at 
Fort  Detrlck.  Details  end  resulte  of  chesw  tests  will  be  described  by  the 
next  speaker,  Mr.  Ray  Frank. 

Chemleala  that  exhibit  moderate  or  extrema  activity  In  defoliaiu  or  con¬ 
tact  action  on  14-da.v-old  Black  Valentine  beans  are  then  aubjected  to  ioc> 
ondary  screening  on  six  or  eight  woody  species  In  greenhouse  tests.  Plants 
uir.d  Include  two-  to  throe-year-old  traniplanti  of  conifers  and  hardwoods. 
Defoliation  or  contact  activity  la  evaluated  on  all  woody  species  over  a 
period  of  21  daya.  Plants  are  normally  retained  for  Longer  perioda  to 
determine  ultimate  lethal  or  recovery  effects  of  treatment,  this  type  of 
secondary  screening  has  been  conducted  In-house  on  newly  synthesised  chemi¬ 
cals.  Six  hundrw.d  chemlcsls  that  ahowed  defoliant  or  herbicldal  activity 
In  fctrllwr  research  at  Fort  Detrlck  were  evaluated  on  woody  species  under 
contract. 

Chamlcals  selected  on  tire  basis  of  activity  In  the  gr-^f.nliouse  tests  on 
woody  species  are  then  carried  forward  to  flvld  scrennlng  trials.  A  sub- 
swournt  speaker,  Mr.  Demaruft,  will  report  on  this  phase  of  the  1963  program. 
For  this  phasr.*,  w»*  are  currently  developing  s  nursery  of  selected  woody 
specie  S . 


Ihe  final  step  In  the  testing  program  would  Involve  nppl  lent  Ion  on  a 
tlnld-scalw  program  on  native  vegMatlcin  using  slrpUnn  dlsswinlnatlon 
nqulpmt-nr  .  We  s  rt-  hopeful  Chat  this  program  can  bn  c&rrl  -tl  out  at  snver&l 
Mcitl.'i'w  !''■  pr.-s~:i’t.ft(.  Ivr,  of  major  v^-getat lone  1  lyp.-s  ot  i;hr-  world,  Futhcr- 
inor-,  f  onmi  1 L  Ivins  snd  mixtures  of  chemlc.nls  will  bt,  evtilu.-Jiwd  at  various 
rtL'‘S,  find  siv.iK.'nM  of  vsppUcat  liin  wh  o  i)f>»l8  for  scltctlon  ond 

a  tar  d* ' d  l*rt  t  i '.'P  ■>!  a  dt-foltar.t. 
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XIV.  DEFOLIATION  SCREENING  PROGMM 
J.  Ray  Frank* 


The  compound!  roviewad  In  our  defoliation  acrccning  program  coma 
from  many  aourcoi.  One  of  the  main  lourcea  in  the  laattwo  yoarH  la 
from  the  companiei  repreientod  here  today  in  the  chemical  aynthesis 
program.  The  Industrial  Liaison  Program  provides  an  additional  source 
of  compounds  originating  from  many  chemical  companies.  Wo  also  rcutiivu 
compounds  from  many  private  companies  as  parts  of  unsolicited  proposals, 
from  individuals  who  are  working  in  other  areas  of  chomlcal  synthesis, 
and  from  organisations  with  many  different  types  of  screening  programs. 

The  combined  results  of  all  these  programs  should  have  the  potential  to 
produce  effective  candidate  defoliants,  herbicides,  and/or  target  markers. 


A.  INTRODUCTORY  SCREENING 

Compounds  from  all  sources  are  assigned  a  Fort  Dotrick  accession 
number  and  are  given  an  Introductory  screening  by  Dr.  DeRose.  He  evalu¬ 
ates  the  compounds  on  seven-day-old  plants  on  six  crop  species.  Compounds 
are  rated  on  a  numerical  basis,  with  2A  points  equaling  a  perfect  score. 
Results  are  submitted  to  the  defoliation  screening  group,  and  all  active 
compounds  with  a  numerical  rating  of  ten  or  above  are  then  tested  by  this 
group.  Compounds  that  indicate  activity  in  the  screening  programs  of 
individual  contractors  arc  also  tested.  Thus,  any  differences  in  the 
results  of  the  two  programs  due  to  formulation  or  greenhouse*  technique 
may  bo  resolved.  We  have  noticed  in  our  tests  that  formulation  has  been 
a  factor  in  some  situations;  therefore,  oil  compounds  showing  activity  in 
preliminary  tests  are  further  evaluated. 


B.  PRIMARY  DEFOLIATION  SCREENING 

In  our  primary  defoliant  program  we  use  14-day-old  Black  Valentine 
bean  seedlings.  At  this  age,  plants  have  primary  leaves,  with  one  fully 
expanded  trlfollolate  leaf  and  the  second  trifollolnte  well- formed.  The 
plants  art-  placed  in  a  clear  plastic  spray  cabinet  in  an  arua  measuring 
one-third  of  a  yard  square.  A  glass  spray  atomizer  is  held  above  the 
plants  and  the  compound  is  sprayed  uniformly  over  the  area  at  rates  of 
0.1  and  l.O  pound  per  acre. 

We  are  searching  for  a  rapid-acting  defoliant  that  will  cause 
slon  of  nil  leaves  on  any  woody  or  herbaceous  plant.  The  goal  of  our 
program  Is  to  find  that  defoliant,  but  we  also  are  investigating  deslccanca, 
herbicides,  and  target-marking  chemicals.  Earlier,  it  was  mentioned  tliat 
tributyl  piiospliato  could  serve  aa  a  target  marker;  3-amino- 1 ,  2,4- 1  r  la/.ole 
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could  filao  aorvc  In  thla  capacity  bacauac  of  the  unuaual  follngu  color 
exhibited  after  treatment. 

Defoliant  activity  ia  meaaurcd  aa  alight^  moderate >  and  extreme. 

On  thia  baaif;  alight  ia  1  to  25  per  cent  moderate  ia  26  to  75  per  cent,  and 
extreme  76  to  100  per  cent. 

Becauae  we  are  inveatigating  compounda  that  cauac  an  extreme  reaponae, 
we  evaluate  only  thoae  compounda  in  the  aecondary  acreening  program  that 
indicate  a  degree  of  defoliation  or  kill  the  planta  within  14  daya.  Thia 
bringa  up  the  queation,  "What  ia  a  defoliant?"  Commercially,  many  compounda 
known  aa  defolianta  are  not  defolianta,  but  deiiccanta.  In  my  toata,  a 
compound  ia  an  active  defoliant  if  the  leavea  a|)aciBe  from  a  plant  without 
the  aid  of  any  mechanical  force  auch  aa  hitting. 

it) 

Approximately  1600  compounda  have  been  examined  aince  July  1961,  and 
the  reaulta  entered  in  a  Remington-Rand  computer  aystem.  Of  theao  1600 
compounda,  100  ahowed  defoliant  activity  and  300  exhibited  harbicidai  offecta 
in  the  primary  defoliation  acreening. 


C.  SECONDARY  SCREENING 

All  compounda  ahowing  defoliant  or  herbicidal  activity  in  the  primary 
defoliation  acreening  are  evaluated  in  a  aecondary  acreening  program  involv¬ 
ing  woody  planta.  Well-eatabliahed  two-  to  three-year-old  aeedlinga  of  Norway 
apruce,  Canadian  hemlock,  Chineae  elm,  black  locuat,  Norwoy  maple,  pin 
oak,  Scotch  pine,  and  California  privet  are  treated  under  greenhouae 
condltiona  at  one,  five,  and  ten  pounda  per  acre.  With  thia  ae lection  of  apeciea 
and  ratea  wc  feel  that  we  arc  able  to  evaluate  the  activity  of  the  compound. 

Some  apeciea  are  eaaily  damaged,  for  example,  black  locuat  and  Chineae  elm. 
Frequently,  oak  and  California  privet  ahow  little  damage  from  chemical 
apraya,  but  the  one  apeciea  that  ia  leaat  affected  ia  the  Scotch  pine. 

We  are  in  the  elementary  atagea  of  the  aecondary  acreening  program,  but 
to  dflt«  wo  have  tested  about  300  of  the  400  compounda  that  are  active  aa 
defoliants  and/or  herbicides.  Wo  do  not  have  any  final  reaulta  to  give  you 
today,,  but  thia  Intormatlon  ahould  be  forthcoming  in  the  near  future.  Our 
general  obaervatlona  at  thia  time  Indicate  that  very  few  compounda  will 
defcUute  all  eight  apeciea  and  inhibit  future  leaf  growth.  Because  of  the 
poaalblllty  of  regrowth,  we  keep  our  trees  ns  long  after  treatment  as  green¬ 
house  space  allows,  approximately  90  days. 

Perhaps  1  should  mention  a  few  of  the  main  groups  of  compounda  that 
we  huvu  Investigated.  Ther-t-  gre 'ps  are  not  in  any  povtlcular  order  and 
tlie  list  does  not  cover  all  of  tpom.  Aa  you  know,  the  Inorganics  have 
been  used  as  defoliants  and  desiccants  In  the  past.  In  this  group  we 
I'lncl  Lht  chlorates  and  thiocyanates,  many  of  which  have  been  Included  In 
our  reenlng  program.  Dr.  Finger  mentioned  the  fluorine  compounds;  we 
have  M.'.reened  a  large  number  of  this  group.  Benzole  acids  have  always 
foutul  a  place  In  the  group  of  affective  growth  regulators.  Many  urea 


compoundi  havn  b«on  InvaitlgtCed.  The  organonictflU ic  compoundH  dint  wct^' 
(ilicueec'cl  hern  yeeterday,  auch  aa  tin,  lead,  mercury,  silver,  srOrnlum,  n 
quite  a  few  othera,  have  been  tested.  The  carhamatea  have  been  chucked 
cxtenalve ly . 

Acetic  aclda  of  varloua  typoa,  auch  aa  trichloroacetic  acid  (TCA)  and 
various  phenoxy  compounda,  have  bean  tested.  The  phenoxy  compounds  have 
been  screened  from  herblcldal,  anticrop,  and  defoliant  standpoints.  Wc 
have  tasted  butoxy  ethyl,  n-butyl,  and  Iso-butyl  esters  of  2,A-D  and 
2,4,5-T  on  seedling  trees  with  32  of  the  moat  active  defoliants  that  pro¬ 
duced  defoliation  In  previous  screening  programs.  In  this  particular 
test,  the  results  Indicated  the  butyl  eaters  were  more  active  than  the 
butoxy  ethyl  esters. 

Compounds  containing  phosphorus  have  been  Investigated  extensively, 
Interest  in  this  group  was  Initiated  because  of  the  presence  of  a  number 
of  commercial  compounds  such  as  DEF,  Folsx,  and  trlbutyl  phosphate.  The 
Arsenli:al  group  has  been  Investigated  In  connection  with  cacodyllc  acid. 
The  diols  have  bsen  checked  extensively  because  of  the  activity  of  butyne 
l,A-dlol,  The  endothal  group  Is  being  Investigated  extensively;  Nome  of 
the  new  forms  are  of  Interest  to  us. 

I  should  point  out  Chat  we  are  Indebted  to  Mr.  Mornoweek,  Mr.  Hall, 
and  Mr.  Buschmann,  who  deserve  much  credit  for  their  work  In  this  program 
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XV.  PENNSALT  SCREENING  PROGRAM 
Harold  J.  Millar* 


To  bagln  with,  our  contract  and^  I  thinks  tho  other  Industrial  contracts 
as  well,  called  for  synthesis  and  primary  screening  only.  Initially  the 
screening  was  to  be  carried  out  on  Black  Valentine  beans;  currently  tho 
program  Includes  supplementary  screening  on  a  variety  of  woody  plants.  The 
methods  to  be  used  In  the  primary  screening  were  rather  clearly  indicated 
In  the  original  invitation  for  proposals,  that  is,  as  to  ago  of  plants  and 
duration  of  observations.  Wo  have  followed  those  procedures  VMry  closely, 
with  the  addition  of  a  ten-pound  dosage  rate. 

In  view  of  the  Chemical  Corps  goal,  we  ware  at  first  inclined  to  question 
the  desirability  of  a  three-week  observation  period,  but  wo  have  found  that, 
with  some  structural  categories,  this  extended  observation  period  is  most 
significant.  The  continuous  use  of  control  plants  assures  us  that,  under 
our  greenhouse  conditions,  little  or  no  normal  leaf  drop  occurs  nv«r  tho 
throe-week  period  and  that  it  can  bo  differentiated  from  Inducnd  dofoliatlon, 
Thern  aro,  of  course,  soma  questionable  caues.  Wo  do  now  fonl,  hownver, 
that  as  In  the  high  dosage,  a  third  week  of  observation  Is  dosirablo,  to 
disclose  minor  affects  that  may  be  turned  to  advantage  through  additional 
syntheses . 

We  feel  that  tho  primary  screening,  particularly  as  aupplamanted  by  tho 
six-crop  screening,  the  confirmatory  screening  on  baans,  and  the  suppla- 
mentary  scroenlng  on  woody  species,  provides  an  excellent  charecturisat  Ion 
of  the  compounds  tested;  It  does,  that  Is,  what  a  scroenlng  Is  oxpected  to 
do.  For  tlifl  purpose  of  saying  "no  further  Interest"  or 'fcontinuing  Interest  ," 
wo  bollevo  that  the  holes  in  the  screen  are  about  the  right  size,  hut  we 
must  not  forget  the  inherent  limitations  of  a  screening  program. 

Our  contracts,  Chen,  have  stipulated  scroenlng,  and  we  could  hava  enm- 
pU«d  wttli  thwlr  legal  requirements  by  conducting  this  scrannlng  in  thn 
slmplnst  possible  yes-or-no  terms.  We  should  not,  however,  liave  tH*f«n  doing 
the  hesr  possible  Job  for  the  Chemical  Corps  without  extundlng  thu  it^rms 
of  our  nvfll nation  somewhat. 

First.,  wo  hava  felt  that  It  was  essential  to  adopt  n  number  of  typo 
loriniiUtlonN  solectad  on  the  basis  of  tho  structure,  solubilltlos ,  and 
occasionally  tho  reactivity  of  the  particular  compounds  to  bo  tostod, 

Those  formulations  Include: 

(a)  Solutions  In  water  Including,  when  appropriate,  the  addition 
of  acid  or  base  to  form  water-soluble  salts. 
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(b)  Dliperilons  tn  w»t#r  twde  by  btU-mllling,  ioniftlm^i  Including 
£h«i  addition  of  a  aurfactant  tn  aid  dlap^ralnn,  or  a  colloidal  aiiapanalon 
atablliaar. 

(c)  Solutlona  In  watar  and  wat«r-mlacib l,f»  aolvant,  a.g.  alcohol, 
acatona,  or  dlacatona  alcohol. 

(d)  Solutlona  in  xylana,  aubaaquantly  amulslflad  In  watar  with  the 
aid  of  a  non-lonlc  aurfactant. 

(a)  Solutlona  in  active  aolvant  with  aubsaquent  dllutiona  In  the 
aama  non>phytotoxic  aolvant.  (A  variety  of  aolventa  Including  butyl 
Celloaolva,  dimathy Iformamida  and  cyclohexanone  can  be  uaad  aa  aolventa  in 
quantltlca  aa  high  aa  90  pounda  per  acre  equivalant  with  no  significant 
phytotoxic  affacta. 

(f)  Solutlona  in  active  solvent  aubaaquantly  diluted  with  non> 
phytotoxic  oil. 

One  can  offer  objection  to  the  use  of  a  variety  of  formulations,  since 
compoundi  are  thus  evaluated  In  variable  terms.  We  think  that  this  la  not 
very  Important  In  a  acreenlng  program.  In  particular,  when  It  la  dealred 
to  make  Immediate  use  of  the  reaponae  data  for  further  ayntheala  planning, 
wa  feel  it  la  Important  to  dlacloae  by  formulating  expedlenta  whacaver 
activity  the  compound  under  teat  may  poaaaaa. 

In  addition  to  the  thoughtful  aolectlon  of  an  initial  formulation,  we 
very  often  screen  In  two  or  more  formulations,  reporting  these  to  the 
Chemlcel  Corps  by  means  of  additional  plant  response  date  sheets  bearing 
the  code  number  followed  by  A,  B,  etc.  It  la  usual  to  observe  differences 
In  plant  responses  evoked  by  dlfferwnt  formulations,  and  on  ccc^jinn  dif< 
ferances  of  an  order  or  more  are  observed. 

In  general  we  prefer  the  uat  of  solution  formulations  to  emulsion  formu¬ 
lations,  although  the  latter  are  undeniably  convBP.l»>.nt .  We  employ  ball- 
milled  suspensions  In  water  only  when  It  Is  unfeasible  to  use  another  typo 
of  formulation .  We  like  to  avoid  the  use  of  straight  acetone  formulations 
because  und«r  our  conditions  much  of  the  solvt^ne  may  be  loat  in  the  spray 
application  and  some  of  the  dosage  may  reach  the  leaves  in  dry  particulate 
form,  which  does  not  even  make  good  contact.  Wt-  avoid  In  gsrorai  the.  use 
of  diap-rslops  made  by  dissolving  tht,'  compound  in  wat'-r-mlsclble,  solvent 
and  prec  Ipite  Mrg  bv  dlluMon  In  wHt-.r,  since  we  feel  that  these  may  tend 
to  give  IrriiguUr  d'^segM. 

We  may  Romeilmwa  use  other  formulating  exp-^dlents  such  aa  addition  of 
an  ant  lox  I dar  t  u  i^dJuM  m<-.nt,  of  pH. 
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A  f«w  additional  acroaningi  have  boon  run  on  combinations  o£  uctlvi; 
agonta  whare  tharo  waa  raaaon  to  hopa  for  a  ayncrgiatlc  of fact. 

Other  than  the  variables  that  have  bean  introduced  through  formulation, 
we  have  carried  out  a  limited  number  of  extra  tests  differing  from  the 
standard  screening. 

To  preclude  any  possibility  of  traces  of  material  being  deposited  on 
the  soil  and  made  available  for  root  absorption,  we  have  sometimes  shloldad 
the  soil.  In  a  few  cases  we  have  elevated  temperatures  above  the  normal 
greenhouse  environment.  In  some  cases  we  have  shioldod  terminal  growth 
during  spraying  to  observe  possible  upward  translocation. 

All  observed  plant  repponses  are  noted  and  reported,  including  abscission, 
desiccation,  chlorosis,  deformation,  plant  kill,  and  effects  on  trifoliate 
growth. 

Supplementary  screening  has  now  been  begun  on  two  broad* leafed  deciduous 
trees,  Chinese  elm  and  Norway  maple,  and  on  two  broad-leafed  evergreens, 
English  laurel  and  Euonymous.  Two  dosages  only  are  used,  one  pound  and 
five  pounds  par  acre  equivalent,  and  observations  are  continund  for  four 
weeks.  As  above,  all  responses  are  recorded.  Plant  specimens  am  dis¬ 
carded  after  a  single  use. 

About  ten  per  cent  of  the  compounds  that  wo  have  submitted  appear  to 
warrant  this  broader  spectrum  re-evaluation. 

As  is  to  be  expected,  performance  on  these  cast  plants  is  quite  different 
from  that  on  beans;  Che  maple  and,  in  particular,  the  elm  respond  to  many  of 
the  same  compounds,  whereas  the  broad-loafed  evergreens  are  quite  resistant 
Co  defoliation. 

All  of  us  hero  who  have  been  connected  in  any  way  with  scro^inlng  pro¬ 
grams  are  wall  aware  of  their  limitations,  and  the  comments  that  I  am  about 
to  make  have  no  great  originality. 

A  screening  program  that  depends  on  random  compounds  such  as  might  ho 
Bolactod  from  a  collection  of  chemical  catalogs  in  a  purely  hlt-or-mlss 
fashion  must  depend  on  luck  to  bo  successful.  A  somnwliat  higher  porcantagn 
of  active  compounds  can  bo  expected  from  a  acroonlng  program  tliat  can  iinpoa«i 
thoughtful  Boloctlon  on  a  largo  enough  colluctlon  of  random  compounds,  oven 
If  those  making  the  selection  must  admit  to  a  conslderablo  uncertainty  as 
to  mechanism  of  the  desired  action.  Further,  an  Important  increase  in  the 
number  of  hits  is  to  bo  expected  from  collections  of  compounds  mndo,  for  tho 
screening  program,  for  hare  the  selector  is  not  limited  to  Immediately 
available  compounds  and  can  draw  on  whatever  knowledge  he  may  have  as  to 
mechanisms,  or  more  or  loss  remote  analogies,  or  on  Ood-glvcn  intuition. 
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Now,  If  th«r«  can  be  a  feedback  of  screening  data  followed  by  further 
directed  ■ynthoala,  another  gain  should  bo  acored  and  we  have  Car  more  than 
luck  to  rely  on. 

Chemical  Corps  has  depended  on  Its  contractors  to  bring  some  mt^asure  of 
sophistication  to  bear  on  the  selection  of  compounds,  1C  not  specific  knowl* 
edge  of  the  mechanism  of  defoliation,  at  least  broad  familiarity  with  the 
chemistry  of  plant-growth  modifying  compounds. 

The  principal  limitation  of  a  screening  program  like  ours  Is  that  It 
gives  a  measure  of  final,  grossly  observable  effect,  but  no  Insight  whstovar 
Into  tha  nature  of  the  aeparate  physiological  and  biochemical  events  that 
culminated  In  that  effect.  We  cannot  avoid  the  view  that  a  successful 
defoliant  must  do  thren  things.  In  almplest  terms  it  must  get  Into  the 
leaf.  It  must  move  some  distance.  It  must  cause  defoliation.  The  final 
affect  may  preaumably  tak«  place  directly  or  lndlr*cely.  That  Is,  the  com¬ 
pound  may  s^rve  In  Its  own  right  to  activate  the  abaclsilon  area  or  it  may 
trigger  a  chain  of  events  on  the  moUcular  level  that  ultimately  results  In 
damage  to  this  call  community,  or  alternatively  perhapa,  acceleratna  normal 
events  to  a  normal  conclusion.  I  am,  of  course,  apeculat Ing . 

Wo  have  all  observed  that  leaf  desiccation  by  chemicals  Is  often  a  very 
rapid  process.  It  can  aometimes  be  observed  within  an  hour  of  application. 
One  can  gueaa  chat  in  such  cases  the  effect  is  direct  rather  than  via  a 
triggered  chain.  Translocation  la  presumably  not  nocessary  a.id  Is  probably 
more  or  leas  Inhibited  by  the  desiccation.  On  the  other  hand,  defoliation 
unaccompanied  by  desiccation  usually  involves  a  lag  period,  during  which 
various  subtle  events  must  be  taking  place. 

Much  valuable  work  has  been  done,  and  la  being  done  to  improve  our  under¬ 
standing  of  tha  phenomena  of  natural  and  Induced  leaf  abaclsilon.  The 
problem  has  not,  however,  attracted  the  massive  effort  that  has  bs'sn  brought 
to  bnar  on  other  plant-growth  control  problems.  We  slnc'ir^'.ly  hope  that  the 
current  program  may  engender  greater  efforts  to  elucidate  the  nature  of  the 
procesaes  Involved,  from  the  points  of  view  of  both  the  plant  physiologist 
and  the  plant  blochamlic. 
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XVI.  ETHYL  SCREENING  PRCX^EDURES 
J.C.  WolltniAk'^ 


Dr.  CloiBon  diacuaied  tha  aynthoala  phaao  of  Ethyl  Corporation's 
dtfollant  program,  and  now  I  plan  to  tall  you  aomathing  of  the  scroonlng 
procedurea  that  are  baing  uaad  to  evaluate  the  potential  defoliants. 

Tha  Bcreaning  portion  of  thla  contract  ia  being  handled  by  the 
Boyce  Thompaon  Inatitute  for  Plant  Raaearch  in  Yonkora,  New  York. 

Dr.  George  McNaw  haa  bean  Managing  Director  of  Boyce  Thompaon  Institute 
for  more  than  12  years  and  haa  bean  in  ovar-all  charge,  during  thia  time, 
of  many  aereanlng  programs  lor  determining  defoliant,  harblcldal,  growth- 
regulation,  and  other  plant  effects  of  chemical  compounds. 

The  personnel  at  the  Inatitute  are  currently  evaluating  agricultural 
chemicals  for  three  industrial  aponsora.  These  acreening  studies  are 
backed  up  by  the  Inatitute 'a  fundamental  studies  on  the  metabolism  of 
herbicides  and  the  mode  of  action  of  fungicides.  In  recent  yeara, 
experimental  studies  have  been  conducted  on  the  mechanism  of  nbacisaion, 
both  natural  and  Induced,  on  maple  trees  and  cotton  plants.  The  object 
of  this  work  has  been  to  determine  the  difference  in  abscission  processes 
between  different  plants.  These  defoliation  atudiea  were  under  the  direction 
of  Dr.  Plaiated,  who  is  also  directing  the  acreening  activity  under  the 
present  contract. 

In  the  several-year  period  up  to  1953,  an  oxtonaive  screening  program 
on  agricultural  chemicals  was  conducted  at  Boyce  Thompson  Institute  under 
the  aponaorahlp  of  Ethyl  Corporation.  This  program,  which  Involved 
screening  chemicals  for  defoliant  action  and  other  agricultural  activity, 
included  primary  studies  on  bean  plants,  secondary  testa  on  cotton,  and 
field  tests  on  cotton.  Dr.  Closson  has  already  mentioned  the  thlophosphato 
defoliant,  now  commercially  known  as  DEF,  which  was  one  tiO'f  the  results  of  this 
work.  Dr.  Plaiated  was  in  charge  of  defoliant  testing  during  the  major 
portion  of  this  agricultural  chemical  program.  Dr.  Plaiated  has  conducted 
research  on  the  biochemical  changes  accompanying  nbsclaulon,  on  free 
nucleotides  in  plants,  and  on  relative  phytotoxicity  of  trlazine  herbicides 
and  plant'  metabolism  of  these  compounds. 

During  the  early  phases  of  the  prosunt  defoliant  screening  program 
being  conducted  under  Army  contract,  a  number  of  changes  were  made  in  the 
primary  screening  procedure.  These  changes  were  worked  out  jointly  by 
Dr,  Plaisted  at  Boyce  Thompion  Inetitute  and  by  people  at  Ethyl  and  the 
Army  Biological  Laboratories.  We  were  attempting  to  devise  a  convenient 


Ethyl  corporation. 
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and  tffioiant  icratn  that  would  Identify  tha  greataat  number  of  compounds 
having  defoliant  activity  and,  at  the  same  time,  indicate  the  relative 
affect ivenesa  of  tha  compounds  on  a  ipaciea  leas  susceptible  to  chemical 
defoliation.  Wo  also  desired  a  primary  screening  procedure  different  enough 
from  that  conducted  under  Dr.  DeRosa  at  the  Army  Biological  Laboratories 
to  provide  a  maximum  of  information  on  each  compound,  with  some  overlap 
to  check  uniformity  of  techniques. 

Table  1  shows  the  primary  screening  procedure  that  evolved  early  in 
the  program,  which  we  are  presently  using.  Two  formulations  of  tha  compound 
to  be  screened  are  made  up  in  water,  one  at  a  concentration  of  four 
milligrams  per  milliliter  and  the  other  at  a  concentration  of  O.A  milligram 
par  milliliter.  To  each  of  those  solutions  is  added  0.04  par  cent  of  the 
wetting  agent  Triton  X-135.  The  compound  also  is  formulated  in  acetone  at 
a  concentration  of  four  milligrams  per  milliliter,  with  the  same  concentration 
of  Triton  X-155.  Twelve  milliliters  of  formulation  sprayed  on  one-third 
of  a  square  yard  is  equivalent  to  one  pound  par  acre  of  tha  compound  at  the 
high  concentration  and  one-tenth  of  a  pound  of  the  compound  at  tha  low 
concentration. 


TABLE  1. 

PRIMARY  SCREENING 

PROCEDURE 

CONCENTRATION, 

8PS?KS 

pound  per  acre 

PRIVET,  6  to  12 

inches 

WATER 

ACETONE 

1.0  AND  0.1 
1.0 

BUCK 

WATER 

1.0  AND  0.1 

VALENTINE 

BEAN,  14- Day 

ACETONE 

1.0 

Four  plants  are  placed  in  a  plastic  enclosure  with  a  floor  area  of  one- 
third  of  a  square  yard.  Then  they  are  sprayed  by  atomizing,  through  the 
top  of  the  spray  chamber,  each  concentration  of  the  formulated  chemical. 

The  spray  chamber  and  spray  guns  are  essentially  indentical  to  those  used  at 
the  Army  Biological  Laboratories  by  Mr.  Frank.  The  three  formulations, 
two  in  water  and  one  in  acetone,  are  each  sprayed  on  two  8-  to  12- inch  privet 
plants  and  on  two  14-day-old  Black  Valentine  bean  seedlings.  In  all,  a 
total  of  12  plants  are  used  in  the  primary  screening  of  each  compound.  The 
choice  of  these  two  species  lies  partially  in  the  fact  that  the  bean  seedling 
is  relatively  easy  to  defoliate  chemically;  defoliation  of  the  privet  is 
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conaiderably  more  difficult.  Compounds  that  arc  phytotoxic  to  privet  or 
cause  foliar  abscission  of  privet  most  often  result  In  more  severe  damage 
to  the  bean  seedlings. 

The  effect  of  the  chemical  treatment  on  the  plants  Is  obiorvotl  in  the 
greenhouse  after  about  3,  8,  and  14  days.  Abscission  Is  recorded  In  the 
case  of  bean  seedlings,  as  a  percentage  of  both  primary  and  secondary 
leaves  abscised.  Abscission  of  privet  is  recorded  as  none,  light, 
medium,  severe,  or  total.  Those  plants  that  show  toxic  symptoms  caused 
by  the  chemical  are  rated  on  a  scale  ranging  from  zero  for  no  damage 
to  eleven  for  dead  leaf.  Each  experiment  is  terminated  at  the  end  of 
14  days,  since  the  chances  are  slight  of  chemical  defoliation  or  other 
effects  occurring  14  days  after  application. 

As  mentioned,  the  primary  screening  procedure  wont  through  a  number 
of  stages  of  evolution  early  in  the  program,  before  the  procedure  depleted 
on  the  slide  was  used.  At  first,  bean  plants  wore  treated  only  with  a 
low  and  a  high  water  formulation.  Compounds  insoluble  In  water  were 
fornulated  In  a  variety  of  solvents,  including  acetone,  acetone'othanol , 
and  N,N-dlmethylformamide.  It  soon  became  evident,  however,  that  the 
solvent  had  an  effect  on  plant  response.  Therefore,  screening  in  two 
different  solvents,  water  and  acetone,  was  undertaken.  Nearly  all  of  the 
compounds  that  have  been  screened  are  soluble  In  one  or  both  of  those 
solvents.  The  final  change  that  was  made  in  the  screening  procedure  was 
substitution  of  privet  plants  for  half  of  the  bean  plants  in  the  primary 
screening  of  each  compound. 

The  effect  of  solvent  on  plant  response  Is  shown  In  Table  11. 


TABtE  II.  'primary  SCkESNINC  RKRULTS  ON 
0 , 0-  BT9  ( 2 -ETHYIHEXYIOCADMI UM  I'HOS  PHORODITIIIOATK 


S»].VKNT' 


Jlli 

WAT  MR 

ACMTONM 

ACMTONM 

ARMY 

WATMR 

WATMR 


r 


(CHiCHjCHjCHjCUCti.O) 
CH3Cli2  ■ 


C(l 


AOU  OF  BEAN  PUNT, 

_ slm _ 


lA 

lA 

7 


WETTING  AfiENT  RESUI.T 
AFTER 


Triton  X-ns 

M 
1 1 


Pii/ 

1 

1 


! 


HA 

31 

71.1 


7 

7 


Triton  X-IST)  Dentil 
Twpen-20  No  .'ffect 


I’livlotox  Ic  1.1  y  on  n  HCnle  of  1  to  11. 
I't  r  ccnl  of  prlnmry  leaven  ahaclaetl. 
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The  compound  under  tost,  0,0-bls<2-ethylhexyl)cadmtum  phosphorodlthioato, 
was  prepared  soma  years  ago  for  a  proprietary  program  of  Ethyl  Corporation. 

The  compound  was  tested  early  in  this  program  on  boan  seedlings. 

It  showed  interesting  activity  in  the  primary  screening  program,  but 
disappointing  results  in  the  secondary  screening.  This  compound  does  illustrate, 
though,  the  effect  some  of  the  screening  variables  may  have.  In  the  last 
column  of  the  table,  "P"  is  phytotoxicity  rated  on  a  scale  of  0  to  11,  and 
"A"  is  per  cent  of  primary  leaves  abscised.  Formulation  of  the  compound  in 
water  and  application  to  14-day-old  bean  plants  at  a  rate  of  one  pound  per  acre 
resulted  in  abscission  of  86  per  cent  of  the  primary  leaves  as  shown  In  the 
first  line.  The  substitution  of  acetone  for  water  in  this  test  resulted 
in  only  31  per  cent  abscission.  The  second  and  third  lines  indicate  that 
the  age  of  the  bean  seedling  was  an  Important  factor  in  our  primary  screening 
procedure.  The  younger  plant  in  this  test  is  considersb ly  more  susceptible 
to  chemically  Induced  defoliation.  The  Army  results  shown  in  the  last  two 
lines  indicate  that  the  wetting  agent  also  can  have  a  considerable  effect 
on  screening  results.  It  is  generally  recognixed  that  the  age  of  a  plant 
Is  an  important  factor  in  its  susceptibility  to  chemical  defoliation. 

However,  the  reasons  for  variation  in  defoliant  activity  with  solvent  and 
watting  agent  are  not  completely  clear. 

It  appears  that  greenhouse  conditions  also  can  affect  screening  results. 
Figure  1  shows  the  results  obtained  with  the  commercial  cotton  defoliant 
DEF,  which  Is  used  as  a  check  during  each  series  of  tests.  These  abscission 
data  are  averages  for  each  month,  with  three  to  eight  determinations  being 
made  per  month.  Tlie  per  cent  of  defoliation  in  this  figure  is  a  measure  of 
the  abscission  of  both  primary  and  secondary  leaves.  Only  the  primary 
leaves  ore  treated  with  the  defoliant,  and  the  secondary  loaves  emerge  during 
the  two-week  observation  period.  The  percentage  of  primary  leaf  abscission 
is  greater  than  these  figures  by  a  factor  of  about  two.  Here,  it  can  be  soen 
that  of fectivoness  of  the  compound  decreases  during  the  winter  menths.  This 
effe-.t  may  bo  due  to  any  of  a  number  of  greenhouse  conditions,  including 
temperature,  amount  of  light,  or  amount  of  moisture.  A  second  control  is 
now  being  used  in  addition  to  DEF  for  comparison  with  the  other  data.  We 
cannot  say  that  the  solvent,  the  wetting  agent,  or  the  environment  will  effect 
all  def '.'Hants  or  herbicides  in  the  same  way,  but  they  arc  factors  that  wo 
have  -'onalderod  in  the  primary  screening  program. 

The  sucondary  screening  procedure  is  shown  in  Table  III. 
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TABLE  III.  SECONDARY  SCREENING  PROCEDURE 


FORMUUTIONS:  WATER  AND  ACETONE 

CONCENTRATIONS:  1  AND  5  LB /ACRE 

SPECIES:  PIN  OAK 

AMERICAN  ELM 

EUONYMUS 

BOXWOOD 
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Forty  compound*  that  ■howed  high  activity  In  the  primary  Mcreenlng 
program  and  wore  raproaantativtt  of  all  the  active  cUaiaa  of  compounds 
y«C  discovered  were  placed  In  the  secondary  screening  program.  The 
same  general  procedure  was  used  as  In  the  primary  screanlng.  We  have 
found  that  a  number  of  the  chemical  compounds  subjected  to  secondary 
screening  effectively  defoliate  or  deelccate  at  least  one  of  the  four 
species.  A  few  compounds  cause  severe  damage  to  the  leaves  of  two  or 
more  species. 

Finally,  a  summary  of  the  over-all  primary  screening  results  Is  shown 
In  Table  tV, 


TABLE  IV.  PRIMARY  SCREENING 

COMPOUNDS  WITH  PHYTOTQXICITY  RATINGS 

OF  8  TO  11  OR  ABSCISSION  RATINGS  OF  25  PER 

COMPOUNDS  WITH  PHYTOTOXICITY  RATINGS  OF 
4  TO  7  OR  ABSCISSION  RATINGS  OP  15  TO  24.9 

REMAINING  COMPOUNDS 

TOTAL 


RESULTS 


CENT  OR  MORE 

122 

PER  CENT 

71 

121 

490 

Of  the  529  compounds  subjected  to  primary  defoliant  screening,  resuhn 
are  available  on  490.  One  hundred  and  twenty-two  compound*  showed  a 
phytotoxlclty  rating  of  at  least  8  or  had  an  abscission  rating  sf  25  par 
cent  or  more.  Seventy-one  additional  compounds  had  a  phytotoxlclty  rating 
of  4  to  7  or  an  abscission  rating  of  15  to  24.9  per  cent.  The  remaining 
297  compounds  showed  lees  activity.  These  percentages  also  must  ha 
multiplied  by  two  to  give  the  per  cant  abscission  of  the  primary  leaves 
that  were  actually  sprayed. 

Wo  observe  these  results  optimistically  and  believe  chat  the  loadi 
uncovoteid  nviy  eventually  lead  to  a  dafoUanc  or  herbicide  rhat  will  be 
useful  for  JvmKle  application. 
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XVII.  MONSANTO  SCRESNING  PROGRAM 
littnloy  D=  Koch* 


Monianto  Rticarch  Corporation  la  a  wholly  ownad  aubaidlary  of  Monsanto 
Chamlcal  Company.  Our  graanhouat  acraaning  program  on  this  contract  la 
carrlad  out  undar  aubcontract  to  our  parent,  In  this  case  the  Agricultural 
Rdsaarch  Laboratory  of  Monsanto  Chamlcal  Company  in  St.  Louis. 

Scraaning  rasults  ara  obtalnad  and  corralatad  automatically  by  Sampla 
Racord  and  Control,  daacribad  in  yastarday's  talk. 

The  scraaning  procadura  on  Black  Valantina  beans  is  as  follows. 

Bean  plants  ara  grown  in  dlspoaabla  pots,  first  four  to  a  pot,  than 
thinned  to  two.  Whan  the  plants  have  one  mature  trifoliate  and  one 
partially  opened  trifoliate  they  ara  treated  with  the  test  compound, 
applied  as  a  spray  from  a  DaVilbis  atomizer  undar  controlled  pressure. 

The  compound  is  formulated  either  as  a  solvent 'smu Is ifiad  solution,  a 
wattabie  powder  formulation,  or  an  aqueous  solution  with  a  wetting  agent. 
The  plants  are  placed  in  a  greenhouse  at  70**  to  90'*?  and  observed  for 
defoliation)  desiccation,  or  other  abnormality,  for  two  weeks.  The 
env{ronmant  in  the  greenhouse  is  kept  free  of  Insects  and  fungi. 

Species  represented  in  our  primary  and  secondary  screenings  are 
shown  In  Table  I. 


TABLE  I.  PRIMARY  SCREENING 


Black  Valentins  Bean 
Soybean 

Apple  Seedling 


0.1  and  1.0  lh/-*>cre 
10. 0 
10. 0 


SECONDARY  SCREENING 


Maple 

Elm 

Pin  Oak  nil  ttt  5,  '3,  1,  and 

Privet  k  Ib/acre 

Euonymus 

Boxwood 

Ilex 


*  Monsanto  Research  Corporation. 
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A  few  more  active  compounds  era  also  being  tested  on  live  oak  in 
the  secondary  screoning.  Compounds  in  the  secondary  screening  are 
initially  tested  at  five  pounds  per  acre.  If  active,  they  are  tested 
successively  at  one,  three,  and  one-fourth  pound  par  acre, 

Table  II  shows  the  form  of  reporting  used  for  the  data  on  our 
primary  screening, 


TABLE  II 


This  example,  B35005,  is  the  first  organometalllc  referred  to  in 
yesterday's  talk. 

The  one  group  of  compounds  I  wish  to  mention  by  name  today  is  the 
quoternary  ammonium  iodides.  Many  of  those  compounds  are  extremely 
active  ftgoinst  the  woody  species.  So  far,  five  have  been  found  to  be 
active  against  more  than  one  woody  spoclos  nt  tlio  low  rata  of  one  pound 
per  acre  (Table  III). 


TABLE  III.  DEFOLIANTS  ACTIVE  AGAINST  MORE  THAN  ONE 
WOODY  SPECIES  AT  ONE  POUND  PER  ACRE 

R35175  plionyltrlothylammonlum  iodide 

n35188  (2-hydroxytrlmothylcnc)bls(trlmotbylnmmonlum  iodide) 
A  3  54  3  6  2-mcthyl,morcnpto-4, 5-diliydrolmidazolo  hydro  iodide 
A35477  3-n-dodocylthiai',oltdlne-2-thlone  liydrolodido 

A35878  proplonylcliollno  Iodide 


The  riiulCi  againit  aim  and  prlvot  of  thaaa  five  Iodides  are  shown 
In  Figures  1  and  2t 
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Ic  can  be  seen  that  the  doCoUatlon  activity  Is  roughly  of  the  same 
order  of  magnitude  for  all  five  compounds.  In  those  two  figures  the 
most  active  compound  la  shown  as  a  heavier  line. 

At  tlio  higher  rate  of  three  pounds  per  acre,  l-methyl-4-plcoUnlum 
iodide  1  number  n35l9l|  is  active  against  four  woody  species,  as  Is  sliown 
in  Figure  3. 
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FlRiirc  'i.  DorollflnC  Active  ARnLnst  Fmir  Woody  Speck’s 
«t  Tliroo  Pountln  Per  Aero. 
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Four  iodldofl  arc  active  a^alnet  only  three  woody  apecloe  at  three 
pounds  per  aero.  They  are  shown  In  Table  IV. 


TABLE  IV.  DEFOLIANTS  ACTIVE  AGAINST  THREE  WOODV  SPECIES 
AT  THREE  POUNDS  PER  ACRE 


Bim 

Pin  Oak  Privet 

Euonvmus 

B35150 

diethyldimethyUmmonium 

iodide 

X 

X 

X 

B35175 

phenyl trie  thy lammonium 
iodide 

X 

X 

X 

B35477 

3*n-dodecylthiaaolidine- 
2-thione  hydroiodide 

557.) 

1  day 

X 

X 

B35878 

propionylcholine  iodide 

.60%, 

1  day 

X 

X 

Finally),  f  want  to  show  another  six  quaternary  ammonium  iodides  that 
are  active  against  two  woody  species  at  three  pounds  per  acre  (Table  V). 


TABLE  V.  DEFOLIANTS  ACTIVE  AGAINST  TWO  WOODY  SPECIES 
AT  THREE  POUNDS  PER  ACRE 


Elm 

Euonvmus 

B35079 

(2-fur  furylcarbamoylethyUdiothylmathyl- 
ommonium  iodide 

X 

X 

B35171 

ban7.yltriethylammonium  iodide 

X 

X 

B35193 

4-C  cyano(hydroximino)tr.Btijyl3  - 
l-mothylpyridinium  iodide 

30%, 

1  day 

X 

A35436 

2-mothylmercapto-4) 5-dihydroimidoaolo 
hydroiodide 

X 

X 

A35479 

3-mothylthiajiolldlno-2-thlone 

hydroiodide 

45%, 

1  day 

X 

A33879 

valcrylcholino  iodide 

35%, 

1  day 

X 

BositloH  tlie  quntcrniiry  ammonium  Iodides  mentioned  hero,  other  active 
defoliants  are  lioing  disclosed  to  the  Army  and  wo  hope  to  liavo  more 
classes  in  the  coming  quarter. 


XVlIl.  FIELD  TESTING  PROGRAM 
Kanntth  Domarit'^ 
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Th«  icrtanlng  program  la  carriad  out  In  thrae  phaaaa.  Dr.  Roblnaon 
and  Mr,  Frank  dlscuaaad  tha  flrat  tuo  phaaaa;  primary  acraanlng  of  new 
chamlcala  aprayad  on  14-day-old  Black  Valentina  baana  at  0.1  and  1.0  pound 
par  acre,  and  aacondary  acraanlng  of  the  moat  promlalng  chamlcala  aprayad 
on  aaadllng  traaa  In  tha  graanhouaa  at  ona^  five;  and  tan  pounda  par  acre. 
Tha  traaa  choaan  for  tha  axparlmanta  are  mapU;  apruco,  plna^  locuat, 
privet,  pin  oak,  hemlock,  and  aim. 

Tha  third  phaaa  conalata  of  field  acraanlng.  Compounda  that  ahow  tha 
most  activity  are  applied  at  rates  of  five  and  10  pounds  par  acre  to  In¬ 
digenous  treea  10  to  15  feat  tall  In  wooded  areas.  This  year  wa  aprayad 
108  trees  consisting  of  six  genera  -  aah,  aim,  locust,  rad  maple,  northorn 
rad  oak,  and  chestnut  oak.  A  number  of  compounda  used  for  this  test  ware 
Tordon,  2,  4-dlchlorophanoxyacatlc  acid  (2,4-D),  Dlquat,  and  Endothal,  and 
each  compound  was  than  combined  with  Tordon.  Because  the  trees  were  spread 
out  over  a  considerable  area  and  tha  terrain  was  vary  rough  In  spots,  wa 
used  thraa-gallon  tank  sprayers  with  a  20-foot  hoaa  and  a  9-foot  stainless 
steal  wand.  On  tha  and  of  tha  wand  Is  a  20-lnch  boom  with  three  No.  2 
Whirl  Jet  nose  las.  Tha  compounds  ware  carefully  weighed  to  tha  desired 
rates  In  the  laboratory  and  than  poured  Into  tha  tank  sprayer  with  Just 
enough  water  to  cover  a  tree.  Tha  sprayers  ware  outfitted  with  pressure 
gauges  so  that  each  tree  could  be  sprayed  at  30  pounds'  pressure.  Spraying 
Is  done  from  a  large  tank  truck  so  that  tha  spray  is  directed  down  on  tha 
foliage  to  more  closely  simulate  aerial  spraying. 

Compounds  ware  applied  on  11  and  12  July.  Raadlngs  will  be  taken  at 
weakly  Intervals  until  the  snd  of  September,  then  at  six  monthf*  end  one 
year  after  spraying. 

We  also  have  another  area  at  Fort  Meade,  Maryland.  This  area  will  be 
used  to  answer  the  question  "At  what  rate  ere  certain  compounds  effective 
if  not  effective  at  five  or  tan  pounds  per  acre?"  In  this  area,  vegetation 
consists  of  scrub  pine,  maples,  oaks,  American  chestnut,  sweat  gum,  tulip 
poplar,  quaking  aspen,  and  vacclnlum.  It  was  marked  off  in  plots  and  all 
vegetation  was  sprayed.  Compounds  used  were  butynadlol,  Folex,  and 
cacodyl ic  acid.  These  were  chosen  because  of  tlieir  availability  in  various 
strtKlnK  nruas  around  the  world.  They  were  applied  at  rates  of  10,  25,  40, 

70,  H5,  and  100  pounds  par  acre.  Data  will  be  taken  at  weakly  intervals 
up  lo  i,i.ui  weeks  after  spraying  and  again  the  following  spring  and  summer. 


*  U.S.  A.rmy  biological  Laboratories. 
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We  hcve  «  nursery  at  Fort  Detrick  coneiatlng,  at  present,  o£  about  1800 
trees,  and  plans  for  another  18,000  to  20,000  trees  to  be  planted  this  fall 
In  blocks.  The  spaclas  now  in  the  nursery  are  dogwood,  maple,  pine,  spruce, 
hemlock,  bald  cypress,  and  oak.  Wo  will  reserve  scma  blocks  so  that  wc  can 
spray  trees  that  are  10  to  12  years  old.  A  logarithmic  sprayer  will  bo  used 
on  some  plots  to  dotormlna  the  minimum  amount  necessary  for  complete  kill. 

Next  year  wo  plan  be  go  into  aerial  application  of  sprays,  using  heli¬ 
copters.  We  have  seen  some  of  the  work  of  Tennessee  Valley  Authority  along 
their  power  lines.  We  expect  to  write  contracts  with  TVA,  Georgia  Power 
Company,  or  one  of  the  larger  brush  control  companies  to  use  their  equipment, 
their  labor,  and  our  newer  promising  compounds.  We  would  like  to  find  sub¬ 
tropical  areas  in  the  Everglades  of  Florida  or  bayous  of  Louisiana  that  are 
similar  to  vegetation  found  in  the  tropical  areas  of  the  world. 
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XIX.  CONTROL  AND  DEFOLIATION  OF'  TROPICAL  AND  SUBTROPICAL  VECJKTAT  I.ON>^ 

Dayton  L.  Kllny,inan 


Data !  Raquost  for  cooparatlve  work  waa  tranamlttod  to  i.ia  January  30, 
1963.  Work  Initlatad  April  1,  1963. 

Place ;  Work  will  be  dona  on  tropical  vaRetation  In  Puerto  Rico  and  on 
subtropical  vagatatlon  at  Collage  Station,  Texas. 

Species !  Work  will  be  dona  on  spades  that  are  hard  to  kill  by  herbicides 
commonly  ui«d  for  brush  control  such  as  2,4, 5-T  and  2,4-D. 
Species  will  also  represent  different  families. 


1  Texas,  major 

work  will  be  done  on: 

Common  name 

a 

Genus  &  specleB 

Family 

Vaupon 

Ilex  vomitoria 

Holly 

Winged  elm 

ULmus  elate 

Elm 

White  brush 

Alovsla  lyulodei 

Verbena 

Live  oak 

OuarcuB  vlrsiniane 

Beach 

Hulsache 

Acacia  farneslane 

Legume 

(ireenbrler 

Smllax  sp. 

Smllax 

McCartney 

Rose  bractaeta 

Rose 

In  Puerto  Rico  species  that  are  hard  to  kill  and  that  are 
Important  In  tropical  regions  will  bo  chosen  for  work. 

Nature  of  Research; 

1.  EvaUiairt  n^tw  chemicals  and  mixtures  of  chemicals  for  brush  control 
and  ilet'ol  latlon,  utilising: 

a.  Natural  stands  of  brush  species 
h.  Nursery  plentlngs 
c.  Clrucnliouss-grown  plants 

2.  Dnvolop  equipment,  techniques,  uml  prlncLplps  for  improvod  appllca* 
Lion  techniques. 

a.  Sliuly  imjclionlsm  of  spray  formation  In  gas  streams: 

Uso  small  wind  tunnel  and  clos(S-up  ultra-high-speed 
motion  pictures  to  record  spray  droplet  formation. 


^  In  coopoiratlon  with  Advanced  Rosoarrh  Pro.)ncts  Agency,  DOD,  the  ’I’oxas 
Agrlou  1  l.nra  I  I'lxperlmont  Station,  College  Station,  Toxns  and  tho  Rnflur/i  l 
Kxperim.uil  Si.nf.  ion,  Mayaguez,  Puerto  Rico. 

U.S.  Department  t'f  Agriculture. 
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b.  Study  •ffftcti  of  p«rtlcl«i  *le«  tnd  mjik*up  on  deposition  of 
sprays  on  foliage.  Use  tracer  tnchnlqutts . 

c.  Dev* lop  equipment  for  applying  htirblcldas  to  small  plots  In 
a  mannar  that  will  simulate  axprcted  serial  appllcttlon 
technlquas . 

3.  Determine  effects  of  environment  on  defoliation,  and  killing  activity 
of  different  herbicides. 

4.  Determine  the  moat  effective  dosage,  volume,  formulation,  and  tlmri 
of  application. 

5.  Investigate  methods  of  Improving  absorption,  translocation,  and 
activity  of  harblcldea;  atudy  natura  of  action  of  aelected  herbicides 
In  woody  plants;  related  phyalologlcal  studies. 

Personnel : 

In  addition  tc  Drs.  Howard  Morton  and  Robert  Mryer,  who  were  a  I, reedy 
conducting  research  on  brush  control  at  ColUga  Station,  Texas,  we  will 
have  three  weed  scientists  and  an  agricultural  anglneer  In  Taxaa  and  two 
weed  scUntlati  and  an  agricultural  anglneer  at  Puerto  Rico. 

College  Station,  Texas; 


1. 

Howard  Morton  and  Robert  Meyer  assumed  temporary 
for  initiating  the  project. 

responsibility 

2. 

Dr,  Morris  G.  Merkle  joined  our  staff  on  July  1, 

1963. 

3. 

Frank  S.  Davis  will  be  transferred  from  Nebraska 
January. 

to  Texas  In 

Vacancy  -  plant  physiologist. 

5. 

Vacancy  -  agricultural  engineer. 

Maysgues,  Puerto  Rico; 

1.  Dr.  Clyde  G,  Dowler,  transferred  from  Whuevlllf.,  North  Cirollne 
to  Puerto  Rico,  April  15. 

2.  Dr.  Fred  H.,  TichirUy,  trensf-rr'-d  from  Tucson,  Arlaone  to 
Put*rto  Rico,  Juntj  11. 

3.  Robert  McGalmont,  Agricultural  Englnf-.t.r,  will  tr*nsf.‘r  from 
Sfltivllle,  Maryland  to  Puerto  Rico,  September  15. 
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Progratit ; 

Collaga  Station^  Texas: 

L.  Seventy  five  acres  of  land  set  aside  for  our  use  for  a  woody 
plant  nursery  by  the  Texas  Agricultural  Experiment  Station. 

a.  Irrigation  water  is  available^  and  irrigation  pipe  was 
delivered  June  10. 

h,  Transplanting  was  done  the  week  of  June  17.  Plans  call 
for  planting  each  species  in  a  separata  block.  Each 
block  will  contain  168  plants.  The  plants  will  be  spaced 
four  feet  apart  in  rows  eight  feet  apart.  There  will  be 
42  rows  per  block  and  an  eight-foot  allay  between  blocks. 
The  arrangement  of  plants  provides  a  four-plant  grouping 
that  should  facilitate  treatment. 

Transplanted;  1320  mesquite  plants 
504  live  oak 
1008  winged  elm 
336  McCartney  rose 

2.  Eighty-acre  tract  near  Carlos,  Texas  has  been  leased. 

a.  Has  good  stand  of  yaupon,  winged  elm,  and  oak. 

b.  Area  was  fenced  and  prepared  for  experimental  treatments. 
Area  was  dtvldad  Into  60-  by  200-?i;ot  lands  with  12-foot 
si  leys.  The  outside  22  foot  will  be.  sprayed  (22-  by  200- 
foot  plots),  leaving  16  feet  for  buffer  strip  between 
treatments . 

3.  Forty-three  acres  near  Victoria,  Texas,  has  running  live  oak. 
Lease  is  being  prepared.  The  site  will  he  fenced  and  staked 
and  treatments  are  scheduled  for  late  July, 

4.  Forty-three  acres  at  Llano,  Texas,  covered  with  white  brush 
1h  being  leased  and  alao  will  be  prepared  for  treatments, 

5.  Further  exploration  is  being  made  for  suitable  sites  Cor 
res'sarcli  on  huisache,  greenbriar,  running  live  oak,  white 
brush  and  other  brush. 

6.  A  3/4-ton  pickup  to  be  used  Cor  mounting  a  3-.s«ction  road¬ 
side  spr^y  boom  was  delivered  Juno  20,  It.  should  be  ready  to 
put  truatmenta  in  the  field  by  mid-July, 

A  plastic  greonhouHO  was  finished  in  June  (on  other  funds). 
Plans  are  being  readied  for  construction  of  a  30-  by  40-Coot 
Cnmpo'rary,  Insulatod,  a  Ir-condi  t  toned  metal  building  to  be 
iiHnd  as  a  ll«Id  laboratory.  In  addlcion,  two  fibar-glaHs 


7. 
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grienhouiei  are  to  be  erected  adjacent  to  the  pUstic  gr^f  pltou*tr , 

8.  Office  and  laboratory  apace  la  being  provided  for  our  persopnel 
In  the  new  Plant  Sclance  Building  and  In  the  Agricultural 
Engineering  Building  at  Texas  A  &  M.  Alao,  th*^  Texas  Agricultural 
Experiment  Station  has  provided  warehouse  area,  about  50  by  50 
feet,  to  be  used  for  shop,  machinery  and  atorage 

Mayagues,  Puerto  Rico; 

1.  We  had  no  work  underway  In  Puerto  Rico,  therefore,  Dr.  W,  B. 

Ennis,  Jr.  and  1  spent  the  week  of  March  3  there  and  at  St. 

Croix  to  establish  cooperative  relations  with  appropriate 
authorities . 

2.  Ors.  Ischlrlt.y  and  Dowler  of  the  Crops  Protection  Rest^arch 
Branch  met  Drs .  Williams  and  Smith  of  the  New  Crops  Research 
branch  in  Puerto  Rico  during  April  14-27,  1963.  They  spent 
most  of  the  two  weeks  becoming  familiar  with  possible  sites 
for  research  and  the  species  available  and  developing  a 
classification  grouping  of  Important  species  for  consideration 
in  developing  research  plans.  They  met  Mr.  Prank  Wadsworth 
and  others  of  the  U.S,  Forest  Servlcn;  Dr,  Woodbury,  botanist 
and  Dr.  Roque,  Director  of  the  Puerto  Rico  Experiment  Station; 

Dr.  Benjamin  Seda,  Director  of  Commonwealth  Forests;  and  Joe 
Miguel  Garcia,  Aaalstant  Secretary  cf  Agriculture.  All  gave 
help  and  expressad  wllllngne-sa  to  cooperate, 

3.  One  site  on  the  Luquillc  National  Forest  (rsln  forest)  hss  bean 
Btilacted  for  experiments,  others  will  be  selected  on  the  Mariceo 
and  Cuanlca  Commonwealth  Forests.  Initially,  soll^applled 
herbicides  will  be  evsluated  on  these  forests  that  differ  In 
soil  types  snd  range  in  rainfall  from  25  to  more  then  100  inches 
annually.  Foliage  spraying  wTll  have  to  be  done  Inltlelly  on 
private  landa.  It  la  expected  that  necessary  land  can  be 
l»iS,8ed.  Finding  site#  where  foliege  spraying  can  be  done  Is  a 
difficult  problem. 

Botar^qs).  Invest l,a«  t  Ions  -  Beltsvllle.  Maryland; 

Ar  Ir-deipth  llt*ir*rure  survey  on  the  botany  of  Southeast  Asia  has  been 
initiat'd.  Ihis  is  pr^reculs  Ite:  to  all.  present  Miiy  .studle,t  on  th*  ’vgeta- 
tlon  cf  that  sr-a  Jird  is  not.,  to  our  knowledge,  being  undertaken  elsewhere, 

Ir  addition  a  1  isf  ha*  been  compiled  of  all  genera  of  Pter Idophytea  ^fern.5 
and  their  allies)  arc!  Sperms tophytua  (seed  plants)  known  to  occur  In  tlie 
'.,‘rrlbbean  lalanda,  A  similar  list  will  b-  prepared  for  Southeast  Asl^. 

'hv.s-  lists  will  provide  h  Mtarting  point  for  cons  Id- rat  Ion  of  'leniertg 
common  to  the  two  ••rplons  in  developing  guldr  lines  for  the  selection  ol 
plants  and  slteB  for  herbicide  testing. 
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Coordination  with  Ratnarch  Actlvitlai  Conductsd  by  Ft,  Dctrtck  undor  AKl 'A 
Order; 


Several  inootinga  of  ARS  and  Ft.  Dotrick  personnel  have  been  hcild  to 
exchange  Information  and  to  facilitate  coordination  of  the  cooperative 
work  sponsored  by  ARPA,  These  meetings  have  been  fruitful  and  will  be 
continued, 

Conclusion; 


We  believe  good  progress  has  been  made  on  this  project.  We  believe 
such  concentrated  research  efforts  will  pay  off  in  new  findings  In  the 
area  of  brush  control. 
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XX.  TORDON  HERBICIDE  FOR  VEGETATION  CONTROL 
Murk  (5.  Wiltia* 


A.  INTRODUCTION 

Thn  Dow  ChamlcuL  Company  haa  baen  actively  involved  in  evaluating 
chemicale  for  plant-growth  control  eince  tho  late  1930'i.  Reaearch  labora- 
toriei  involved  in  plant-growth  control  projecti  have  been  located  at  Seal 
Beach  and  Pittsburg,  California,  Lake  Jac;kson,  Texas  and  Midland,  Michigan. 
Projects  involving  synthesis  and  scceanlng  of  cliemlcals  are  conducted  at 
these  locations.  If  a  compound  shows  sufficient  activity  to  be  considered 
for  further  evaluations  for  plant-growth  control  in  the  field,  plots  ere 
established  at  field  raiearch  ftaclons,  which  are  located  at  Davis,  California, 
Greenville,  Mississippi,  and  Midland,  Michigan.  An  oxtenslve  woody  plant 
nursery  Is  used  in  research  evaluation  of  potential  new  products.  When  com¬ 
pounds  continue  to  show  promise  in  field  research  plots,  experiments  are 
conductHd  In  many  different  locations  to  incorporate  various  spacias  of 
weeds  and  woody  plants  growing  under  different  soil  and  rainfall  conditions. 
Only  a  few  compounds  survive  this  rigorous  screening  and  are  introduced 
to  research  agencies  outside  of  our  Company. 

Tordi'n  -  Dow's  trademark  for  4-amlno-3, 5, 6-trlchloroplcollnlc  acid  - 
has  tindnrgonu  extensive  research  evaluation  and  has  recently  baen  reloased 
outsidi-i  of  our  Company.  It  is  a  highly  active  herbicide  and  plant-growth 
regulator.  It  shows  considerable  promlso  for  control  of  many  woody  plant 
specii^s  chat  up  to  now  have  been  a  problem  to  control.  Ac  relatively  low 
ratos  nf‘  application,  its  growth-regulating  effect  is  evident  in  stimulation 
of  tliu  growth  of  bluegrasH,  the  growth  of  beans,  and  the  rooting  of  Iilbiscus 
cuttings.  Oilier  growth-regulating  properties  have  also  baen  observed  in 
limited  studies  with  Tordon. 

In  HucMtinlng  r,«sCB,  Tordon  proved  to  be  very  active  for  the  control  of 
many  broad plants,  Rates  as  low  as  one-half  ounce  per  aern  in  foliage 
aprays  have  controlled  such  weeds  ah  lambsquarter ,  wild  buckwheat,  and  pig¬ 
weed  and  havr  killed  crop  plants  such  as  tomatoes,  soybeans,  and  pnnnuts. 

Tord'.in  Is  appAitmtly  rapidly  obsorbod  through  leaves  of  plants  and  irans- 
loc«t''cl  ilnmighoiiL  the  plants  in  n  vory  short  time,  Tiirdon  is  also  roadlly 
tak'in  In  by  plant  roots.  Most  broMdl>i«v«d  plants  are  susceptiblo  to  Tordon; 
howrtvi^r,  the  brass  lea  spp,  have  considarabla  tolerance  to  Tordon  and  some 
sp-n  I'-is  colorntu  sppllcutions  of  one  to  2  pounds  par  acre.  However,  on 
many  pUnts,  Tordon  herbicide  is  many  tlmas  more  active  than  phanoxy  com¬ 
pounds  such  ns  2,<!t-D  and  2,4,5-T.  Most  grasses  are  tolerant  of  rates  of 
Tordon  that  will  kill  broadle«v«d  plants. 


Best  Available  Copy 


*  Tlv*  Dow  uliomJcnl  Company. 
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In  ovaluation  toita,  Tordon  herbicide  appeared  to  bo  very  active 

on  acveral  woody  planCa  aa  laaf-atem  spraya  and  aoll  troatmenta. 


B.  LEAF-STEM  SPRAYS 

A  preliminary  atudy  waa  conducted  on  two-year-old  planta  growing  in  one- 
gallon  cane.  A  watting  apray  waa  applied  to  the  leavea  and  atoma  of  the 
planta,  ualng  approximately  200  gallona  per  acre  of  apray  aolution,  Table  I 
glvna  the  per  cent  top-kill  when  obaerved  22  weeka  after  treatment, 


TABLE  1.  PER  CENT  TOP-KILL  22  WEEKS  FOLLOWING  LEAF-STEM  SPRAYS 

WITH  TORDON  AND  2,4, 5 -T 


Plant  Species 

3/4  lb. 

aahg.* 

Tordon 

1^  lb. 
aahg. 

3  lb. 

aahg. 

2,4, 5-T 
1^  lb. 

aahg. 

Prunus  lliclfolla 

100 

100 

100 

98 

Rhamnus  californlca 

100 

100 

100 

33 

Ceanothus  thvralflorus 

100 

100 

100 

100 

OuercuB  asrifolla 

78 

100 

100 

20 

Sal lx  8PP. 

100 

100 

100 

78 

100 

100 

100 

48 

Plnus  coulterll 

... 

83 

100 

45 

Plnua  radlata 

... 

72 

100 

2 

Plnua  halepensla 

... 

100 

100 

10 

Plnua  canarienaia 

... 

22 

68 

8 

*  Acid  equlvalent/100  gallona 


Leaf-item  apraya  were  applied  with  aprayora  In  many  oxperlmenta  to  evalu¬ 
ate  the  effect  of  Tordon  on  bruah  apeclaa  In  the  United  States  and  Caribbean 
arc.t  .  All  of  theae  experlmenta  were  evaluated  at  the  end  of  the  first  grow¬ 
ing  araflon  and,  with  several  species,  results  were  determined  at  the  and  of 
the  Second  arowlng  sruion.  In  a  tfcst  conducted  In  Michigan,  Tordon  at  one- 
Iialf  pound  ptir  100  gallons  gave  complete  top-kill  without  resprouting  of 
wild  red  cherry  (Prunua  oensvlvanlca  L.),  willow  (Sal lx  spp.),  silver  maple 
(Acer  e«i:charlnum  1.),  quaking  aspen  (Populus  tremuloldes  Mlchx,),  rjasttirn 
cott  inwood  ( Populus  deltoldes  Bartr)  and  paper  birch  (Betula  papvrlfera 
Marsli.)  wh-^n  evaluated  a  year  following  treatment.  White  ash  (Fraxlnus 
nme.r Icoiia  L.)  v/aa  not  effectively  controlled  with  Tordon  at  one-half  pound 
pi^r  100  gallons. 
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Exper Imcntm  conducted  In  Mi«»laBlppl  Indlcfltecl  tliat  Tordnn  /it  ono  pfuml 
per  100  ^a]lon8  wax  more  effective  Chan  2,4,5-T  and  2,4-D  at  four  pouiuIm 
per  100  gallons  on  a  number  of  woody  plants  when  evaluated  the  second  growl nw 
season.  The  following  species  were  effectively  controlled  with  Tordon  at 
one  pound  per  100  gallons  In  these  experiments!  rod  bud  (Cere Is  canadens Is 
L.),  poison  Ivy  (Rhus  radlcans  L.),  dewberry  (Rubus  spp.).  red  vine  (Brunnlchia 
clrrhoaa  Bank),  sweet  gum  (Llouldamber  Stvraclf lua  L.),  and  sassafras 
(Sassafras  albldum  (Nutt.)  Noes). 

In  other  tests,  Tordon  controlled  with  sprays  several  species  that 
normally  are  not  effectively  controlled  with  sprays  of  2,4-D  and  2,4,5-T. 

Most  coniferous  species  were  very  susceptible.  Table  II  glvos  the  summary 
of  control  ratings  made  a  minimum  of  five  months  after  treating  of  some 
coniferous  species  Included  In  these  experlmi^nts . 


TABLE  II.  SUMMARY  OF  RESPONSE  OF  SEVERAL  CONIFERS  SPRAYED 
WITH  LEAF-STEM  SPRAYS  OF  TORDON  AND  ESTRRON  245  0.S.«/ 


Common  Name 

Scientific  Name 

Average  Control  Rating 

Tordon 

1/2  lb.  i  lb. 

nehg.  aehg. 

,  (O-lO)b/ 
Esteron 

245  O.S. 

4  lb. 
aehg. 

Spruce 

Picea  glauca 
(Moench)  Vose 

10 

10 

5 

balsam  Fir 

Able_S  b(|l|flme(^ 

(L.)  Mill. 

10 

9 

4.5 

Whltci  Cedar 

Thula  occldentalla  L. 

10 

- 

3 

Loblol ly  Pine 

Plnua  taeda  L. 

7.3 

10 

1.3 

Short  Leaf  Pine 

Plnuf  echlngta  Mill. 

6.5 

10 

2 

Slaflli  Pint' 

Plnua  carlbaea 

More  let 

10 

10 

9.5 

Red  Cedar 

Junlperus 

Virginians  L. 

• 

10 

• 

Long  Uaf  Pine 

Plnua  australis 

Mlchx . 

m 

8 

• 

Virginia  1*  t  ne 

IMnus  Virginians 

Mill . 

10 

" 

• 

(’.round  ,1  mil  per 

.1  unlocrus 
depres{,a  Pursh. 

8 

10 

1 

White  Pin.: 

Plnua  ftrobuf  L. 

2 

8.5 

2 

a.  Ksteron  245  O.S.  contains  four  pounds  per  gallon  of  2 ,4,5-trlcliloro- 
phenoxy  acetic  acid  as  the  propylene  glycol  butyl  ether  ester.  Esteron 
Is  II  rcK I  stored  tr/idemark  of  The  Dow  Chemical  Company. 

b.  Control  Kntlnga  (0  ■  no  effect,  10  •  complete  kill). 
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Some  ■peciai  of  conifori  appear  to  be  more  tolerant  than  othara;  however 
all  conlfera  are  more  auaceptlble  to  Tordon  than  to  2,4, 5>T.  '' 

The  maple  (Acer)  apeciea  are  very  auacaptlble  to  Tordon.  Control  of  ro< 
growth  of  red  maple  haa  been  outatandlng.  A  summary  of  the  responae  of 
several  species  of  maple  to  Tordon  and  Eoteron  245  O.S.  herbicides  observed 
a  minimum  of  five  me  nths  after  treating  Is  given  In  Table  III. 


TABLE  III.  SUMMARY  OF  RESPONSE  OF  MAPLE  (ACER  SPP.)  SPRAYED  WITH 
LEAF-STEM  SPRAYS  WITH  TORDON  AND  WITH  ESTERON  245  O.S. 


Average  Control  Rating  (0-10) 

Esteron 


Torden  245  O.S. 

1/2  lb.  1  lb.  4  lb. 
Common  Name  Scientific  Name  aehg.  aahg.  aehg. 


Hard  Maple 

Acer  saccharum 

Marsh. 

9 

9 

8 

Red  Maple 

Acer  rubruifl  L. 

10 

10 

8.5 

Silver  Maple 

Acer  saccharlnum  L. 

10 

10 

9 

Tordon  killed  the  stems  of  maples  within  three  months  of  spraying  and 
no  regrowth  occurred.  Regrowth  from  the  root  collar  was  noticed  during  the 
season  of  craatment  on  similar  plants  treated  with  2,4^ S-T.  It  Is  well 
recognised  that  2,4, 5-T  Is  one  of  the  most  affective  phenoxy  herbicides  for 
the  control  of  maple. 

Several  woody  plants  that  have  been  a  problem  to  control  because  they 
are  prolific  root  sprouters  have  been  susceptible  to  sprays  with  Tordon. 

A  summary  of  the  control  ratings  made  or.  some  of  these  species  in  oxperi- 
monts  in  the  Eastern  United  States  Is  presented  in  Tabic  IV. 
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TABLE  IV.  SUMMARY  OF  RESPONSE  OF  BLACK  LOCUST,  SASSAFRAS,  AND  ASl'KN 
TREATED  WITH  LEAF-STEM  SPRAYS  OF  TORDON  AND  WITH  ESTERON  245  O.S. 


Common  Name 

Scientific  Name 

1/2  lb. 

aehg. 

Tordon 

1  lb. 
aehg , 

Esteron 
245  O.S. 
4  lbs. 
aehg . 

Black  Locust 

Roblnla  pseudo- 
acacia  L. 

10 

10 

6 

Sessafres 

Sassafras  albldum 
(Nutt.)  Nees 

10 

10 

8.5 

Aspen 

Populus  alba  L. 

9.5 

10 

10 

A  liHt  of  th«  rtlatlva  iuic«pClblIlti«H  of  noma  woody  plantH  to  Tordon 
In  inclucitid  In  the  Appendix. 


C.  SOIL  TREATMENTS 

Leboretory  atudlei  on  maiqulce  (Proiopli  luliflore  (SW)  DC.),  honey 
locuit  (Glodltile  tr Icenthoe  L.),  end  aih  (Fraxlnm  uhedii)  growing  In  one- 
gellon  cans  have  euggeeted  chat  Tordon  can  be  affective  for  tho  control  of 
theie  3p<iicie8  by  soil  treatment.  The  rosulcs  In  Table  7  were  obtained  In 
a  preliminary  teat  observed  seven  months  after  treatment. 


T.ABLE  V.  PER  CENT  KILL  FOLLOWING  SOIL  TREATMENT 
WITH  TORDON  AND  FENURON 


Par  Acre 

Mesquite 

H.  Locust 

Ash 

5 

100 

100 

100 

10 

100 

100 

lOQ 

20 

100 

100 

100 

40 

100 

100 

100 

5 

10 

43 

0 

10 

95 

98 

5 

20 

95 

70 

10 

40 

100 

100 

10 

Fi:nuron 


no 


Flald  taiti  vlth  ■oil  appllcatlona  of  Tordon  at  flva  poundi  per  aero 
applied  In  the  early  spring  controlled  both  aaisafr^^s  and  silver  maple. 

Additional  tests  were  conducted  In  North  America  with  the  pelleted 
formulation  o£  Tordon  (Tordon  ICK  pellets)  and  evaluated  the  season  of 
treatment.  They  suggest  that  many  susceptible  species  such  as  black  locust 
and  sassafras  can  be  controlled  with  rates  between  four  and  six  pounds  per 
acre  of  Tordon.  Most  woody  plant  species  can  be  coritrcllad  with  six  to 
ten  pounds  per  acre  applied  In  the  early  part  of  the  growing  season  when 
rainfall  can  be  expected  after  treatment  to  carry  the  chemical  into  the 
root  area  of  the  plant.  Additional  experiments  are  being  conducted  at  the 
present  time  on  the  possible  use  of  soil  applications  of  Tordon  for  the 
contr-^!.  of  many  different  species  of  woody  plants  growing  under  various 
soil  and  rainfall  itions . 


D.  TOXICOLOGICAL  INFORMATION 

Toxicological  studies  indicate  that  Tordon  herbicide  Is  safe  to  handle 
and  should  present  no  hasard  to  men  or  animals  when  used  as  directed.  It 
has  a  low  acute  oral  toxicity  with  LDk  value  for  rabbltS;  mice,  guinea  pigs, 
chicks,  and  rats  ranging  from  2.0  grams  (for  rabbits)  to  8.2  grams  (for  rats) 
per  kilogram  of  body  weight.  It  also  is  low  In  chronic  toxicity  and  presents 
no  serious  hasard  from  eye  and  skin  contact  or  skin  absorption. 

To  better  determine  the  effect  of  accidental  Ingestion  of  Tordon  by 
large  animals  the  following  experiments  were  conducted; 

Tordon  was  administered  as  the  potassium  salt  to  sheep  at  the  rate  of 
100  milligrams  per  kilogram  of  body  weight  each  day  for  30  days,  Individual 
yearling  calves  were  given  single  oral  doses  of  750  milligrams  per  kilogram 
of  body  w«ight,  and  sheep  single  oml  doss-  of  lOQO  milligrams  per  kilogram 
of  body  weight.  None  of  the  animals  showed  any  evidence  of  111  effects. 
Tordon  was  Included  In  the  rations  of  self*fed  swine  and  chickens  at  the 
rate  of  45  ppm.  There  was  no  evidence  of  111  effects  as  shown  by  weight 
gains  or  feed  conversion  In  these  experiments.  These  results  Indicate  that 
no  hasard  exists  for  largo  animals  accidentally  consuming  vegetation  treated 
with  Tordon. 

Experiments  were  conducted  to  determine  the  effect  of  Tordon  on  fish. 
Untreated  Lake  Huron  water  at  50’’F  was  used  in  the  test  which  was  run  for 
96  hours.  The  results  from  some  of  the  experiments  (Table  VI)  Indicate  that 
Tordon  Is  relatively  low  In  toxicity  to  fish. 


TABLE  VI.  MEDIAN  TOLERANCE  LIMIT  (TLM)  AND  MAXIMUM  SAFE  LIMIT 
CALCULATED  IN  PARTS  PER  MILLION  OF 
TORDON  (AS  THE  POTASSIUM  SALT)  FOR  SEVERAL  FISH  SPECIES 
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Concontration. 

Maximum 

Safe  Limit 

BBm. 

TLM 

Fat  Head  Minnow  (PimaBhales 
promelas  Rafineaqua) 

21.6 

29.2 

Rroan  Sunfish  (Leoamis  cvanallus 

Raf inesquo) 

38.9 

90.7 

Black  Bullhead  (Ictalurua  malaa 

Raf Inasqua) 

69.1 

90.7 

Brook  Trout  (Saivelinue  fontinalii 

Mltcho  LI) 

69.1 

90.7 

Brown  Trout  (Salmo  trutta  farlo 

Linnaeus) 

21.6 

SI. 8 

Rainbow  Trout  (Salmo  salrdneri 

Richardson) 

21.6 

50.1 

R«m8horn  analU  and  d«phnla  vara  malncainad  In  Cap  water  containing 
varlouH  concontratlona  of  Tordon  for  22  hours  at  72'’F.  Test  organlima 
were  not  affactad  at  concanttationa  of  30  ppm,  but  injury  did  occur  at 
40  ppm.  Baaad  upon  thaaa  findings,  it  is  baliavad  that  tha  accidental 
contamination  ul:  stream  or  pond  water  with  Tordon  when  usod  for  woody 
plant  control  would  not  be  hasardous  to  the  fish  population. 


E.  SUMMARY 

Most  woody  plant  spacias  in  the  United  States  are  controlled  with  leaf- 
stem  sprays  using  Tordon  at  ona-half  to  1  pound  per  100  gallons.  A  com¬ 
bination  formulation  using  Tordon  at  threa-fourth  pound  and  2,4-D  at  two 
pounds  per  gallon  (Tordon  101  Mixture)  and  used  at  one  gallon  pur  IQO 
gallons  of  water  as  a  leaf-stem  spray  lius  offuntlvaly  controlled  «  broad 
range  of  woody  plant  species  in  many  tixperimsnts .  A  few  species,  Including 
usi),  have  not  been  controlled  effectively  with  this  rata  of  application. 

In  A  Limitod  number  of  trials,  ash  has  been  controlled  with  sprays  con¬ 
taining  Tordon  at  two  pounds  par  100  gallons  per  acre.  Tordon  harljicldc 
is  readily  translocated  from  the  roots  to  the  above-ground  parts  of  tlia 
plant.  Hence,  on  aeli  and  other  epocies  that  are  mors  tolerant,  sprays 
should  bo  applied  to  the  soil  around  the  root  collar  as  well  as  on  the 
stoms  and  loaves.  A  combination  of  Tordon  plus  2,4-D,  which  lias  given 
iixcnlloiil  control,  sliould  be  considered  for  use  where  broad- s  poet  rum  contn-'l 
o[  woody  plant;  growth  is  desired. 
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Soil  applieatloni  of  Tordon  formulatad  aa  a  pallat  hava  boon  encouraging, 
Soil  condltlone  and  rainfall  following  traatnuint  apparently  will  Influonce 
tha  control  obtained.  Highly  euaceptlbla  planta  auch  aa  aaaaafraa  and  black 
locuat  have  bean  controlled  with  ratea  aa  low  aa  four  pounda  per  acre  of 
Tordon  applied  early  In  tha  growing  eaaaon  when  rainfall  occurred  after 
treating.  Higher  ratea  may  be  required  for  aoma  other  apeclea  under  leaa 
Ideal  aoll  and  rainfall  condltlone.  Toxicological  Information  accumulated 
to  date  auggeata  that  Tordon  la  a  relatively  aafa  material  to  uae. 


J 
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APPENDIX 

RELATIVE  SUSCEPTIBILITY  OF  WOODY  PLANTS  TO  TORDON 
KIOHLY  SUSCEPTIBLE 


Botanical  Nama 


Common  Nan 


Ln  Araa  Taatad 


Ablaa  balaamaa  (L.)  Mill 
Abrus  pracatoriua  L. 

Acacia  farnaiiana  (L.)  Willd. 
Acacia  villoaa  Willd. 

Acar  maerophvllum  Purah. 

Acar  rubrum  L. 

Acar  aaccharinum  L. 

Acar  aaccharum  Marah. 

Alnua  oregona  Nutt. 

Alnua  rugoaa  DuRai  Eprangl 
Ampolopala  aboraa  (L.)  Koahna 
Arctoataphvloa  viacida  Parry 
Batula  lutaa  Miclix. 

Batula  papvrifara  Marah. 

Borraria  laavia  (Lam.)  Griaab 
Brunnichla  cirrhoaa  Banka 
Brvophvllum  pinnatum  (Lam.)  Kura. 
fiarya  g.lobra  (Mill.)  Svaat 
Carva  ovata  Mill 
Caaala  occtdantalia  L. 

CartnothuB  cuncatua  (Hook.)  Nutt. 
Celtla  laavigata  Willd. 

Caltia  pallida  Torr. 

Caphalanthua  pubaacana  Raf . 
Condalla  obovata  Hook. 

Cornua  f'lorida  L. 

Cornua  atolontfara  Michx. 

Corvlua  amaricana  Walt. 

Crataagua  ap. 

Crotalaria  varrucoaa  L. 

Cvtiaua  scopariua  (L.)  Link 
Dioapvroa  virgtntana  L. 

Eehlr.ifiii  umbal  lata  Jacq. 

Flomlngta  atrohllifara  (L.)  R.  Br. 
(jhid Ltaia  trlacanthoa  L, 

Jug  Una  nigra  L. 

Juniperua  daprei«aa  Purah. 

Juniparua  vlrglniana  L. 

Larlx  larlclna  DuRoi 
Llrlodwndron  tullplfara  L. 

Lonl..'»rr<t  lapontca  Thunb 
L.yc  I  urn  underaonl  Cray 
Mlmoir'a  so.' 


balaam 

rad  baad  vina 
huiaacha 
yallow  tamarind 
big  laaf  mapla 
rad  mapla 
ailvar  mapla 
hard  mapla 
rad  aldar 
black  aldar 
pappar  vina 
manaanita 
gray  birch 
papar  birch 
buttonwaad 
rad  vina 
laaf-of-lifa 
hickory 

ahagbark  hickory 
John  crow  poa 
buckbruah 
hackbarry 
apiny  hackbarry 
button  buah 
braail 

f lowering  dogwood 
red  oaier  dogwood 
haaelnut 
hawthorn 
rattle  weed 
Scotch  broom 
peraimmon 
white  nightahade 
wild  hope 
honey  locuat 
black  walnut 
ground  Juniper 
red  cedar 
larch 

tulip  poplar 
Japaneao  honeyauckle 
wolfberry 
mimoBa 
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Momordlca  charantla  L. 

Morut  rubra  L. 

Nvaaa  avlvatlca  Marih 
Oxvdandrun  arboraum  (L.)  DC. 
Plcaa  Ablai  (L.)  Karat 
Plcaa  glauca  (Moanch)  Vets 
Ptnua  auatralla  Mlchx, 

Plnm  cartbaaa  Mora  la  t 
Plnua  achlnata  Mill. 

Plnua  Strobua  L. 

Plnua  Taada  L. 

Plnua  vlralnlana  Mill. 

Plaonla  aculaata  L. 
Plthaealloblum  ap. 

Populua  daltoldaa  Bartr. 

Populua  arandldantata  Mlchx. 
Populua  tramuloldaa  Mlchx. 
Proaopla  iullflora  (SW.)  DC. 
Prunua  amarglnata  (Dougl.)  Walp. 
Prunua  pannavlvanlca  L. 

Prunua  aarotlna  Ehrh. 

Quarcua  laurlf olla  Mlchx. 

Quarcua  Phalloa  L. 

Quarcua  rubra  L. 

Rhamnua  calif orn tea  Each. 

Rhua  dlvaralloba  T.  and  G. 

Rhua  glabra  L. 

Rhua  radleana  L. 

Rhua  tvphlna  Nutt. 

Roblnla  paaudo-acacla  L. 

Roaa  bractaata  Wandl. 

Roaa  rublglnoaa  L. 

Rubua  app. 

Rubua  app. 

Rubua  PTOcarua  P .  J .  Mua 1 1 . 

Rubua  apactabllla  Purah. 

Sal lx  longtfolla  Markl. 

Sal lx  nigra  Marah 
Sambucua  canadanala  L. 

Sambucua  almpaonll  Rahdar 
Saaaafra  albldum  (Nutt.)  Nooa 
Slda  ap. 

Solanum  f iclf ollum  Or t . 

Solanum  torvmn  Sw. 


caraaaa  buah 
mulbarry 
blackgutn 
aourvood 
Norway  apruca 
whlta  apruca 
long  laaf  pine 
slaah  pine 
abort  leaf  plna 
white  plna 
loblolly  pine 
Virginia  plna 
cockapur 

aaatarn  cottonwood 
larga>tooth  aapan 
quaking  aspen 
maaqulta 
bitter  cherry 
wild  rad  cherry 
wild  black  cherry 
laurel  oak 
willow  oak 
red  oak 

California  coffaaberry 

polaon  oak 

amcoth  sumac 

poison  Ivy 

sumac 

black  locust 
Macartney  rose 
wild  rose 
wild  blackberry 
dewberry 

Himalaya  blackberry 

Salmonberry 

willow 

black  willow 

elderberry 

southern  older 

sassafras 

broomweed 

gully  bean 
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Tuxod  Luin  aicandam  Brongn. 
Taxot^lTjiii  dtitlclium  (Li)  Richard 
Thu  It  otfcldtntflllt  L. 
Tournciforti*  hlrtutlitlmt  L. 
Tournafortlt  volubllli  L. 

Ttugt  ctntdantlt  Li 
Ulmut  tUtt  Mlchx. 

Ulmut  tmtrlctnt  L. 

Urachltat  lutaa  (L.)  Britton 
Vitla  tp. 

Waltherla  amaricana  L. 
Zanthoxvium  Faeara  Sarg. 


pond  cyproBB 
bald  cypratB 
northarn  white  "cedar 
chlggar  nut 

ai  ■  ■ 

hemlock 
winged  elm 
American  elm 
yellow  nightshade 
grapevine 
ralchle 

lime  prlckly*aih 


MODERATELY  SUSCEPTIBLE 


Botanical  Name 


Common  Name  In  Area  Teited 


Acacia  eortuota  Wllld. 

Bourrwrla  ap. 

Bumella  lunualnota  (Mlchx, )  Pare, 
CamPBlB  radlcana  (L.)  Seem, 

Carve  ILllnoantin  (Wang)  Koch 
Catcarla  ap, 

Caaoarla  hlrauta  Sw,. 

CaBwla  amarglnata  L, 

CwrctB  canadenalB  L, 

ChamaabatiB  folloloea  Benth, 

PldBPvroB  taxana  Scheela 
Ehratia  tinlfolla  L. 

Ilex  glabra  (L,)  Gray 
Llquldambar  Stvraclf  lua  L, 
t^clura  pomifara  (Raf,)  Schneld, 
Malplphla  g Ubra  L. 

Mvr lea  hatorophvlla  Raf , 

Qpuntla  ap, 

PlBcldla  ptaclpula  (L,)  Sarg. 

P Iwldlum  flp, 

ProMupiw  chllgnsla  Stunt a, 
rHOudotHuga  taxlColla  (Polr.)  Britton 
(^u'^rcutt  a  IbH  L . 

c.hapinanil  Sarg. 

Barer . 

Qii-rr'^i.is  laovlB  Wa  1 1 . 

Quercus  iitf.r llandlca  Muenchh. 
j'i'rci |_s_  'nvrtlColla  Wllld. 


wild  poponax 

wooly  came 11a 
trumpet  creeper 
pecan 

■  •  • 

wild  coffee 

•  «  » 

redbud 
Mt.  Mlaery 
black  parBinnon 

«  M  • 

gall  berry 
Bweetgum 
oaage  orange 

wax  myrtle 
prickly  pear 

guava 
cealtaw 
Douglas  fir 
whlto  oak 
Chapman  oak 
blue Jack  oak 
turkey  oak 
blackjack  oak 
myrtle  oak 
black  oak 


Best  Available  Co 
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PtJjui£  L. 

Quarcm  if  lUta  Wang. 
Quarcua  vlratnlana  Mill. 
Schaafgarla  frutaicani  Ja(;q, 
Selloa  glutlnoaa  Sprang. 
Zanthoxvlum  glavura  Vahl 


'rut 

;j  .  ■..’■ak 
C  '  iV’ 

'  •:  • 

f- R. 


>  {  -'a  i 


92smm 


Clesua  alcvoidai  L. 

Cornua  Drummond  11  Mayor  rough  don 

Croton  llnaarla  Jacq.  Spsnlah  n 

Eupatorlum  odoratum  L.  J,«C;k-ln‘t 

Foraaterla  taxana  Cory.  tlbow  bus 

Fraxlnua  amarlcana  L.  whito  ath 

Fraxlnua  pannavlvanlca  Man^h.  gi-.^anaah 

CauUharia  ahallon  Purah.  afilal 

Cualacum  ogflclnala  L. 

Ha  1  lotrapum  tndlcum  L.  iicorplon  i 

llax  opaca  Alt.  Amnrlciir.  ! 

Lmiaili  Camara  L.  white  am 

Leucaana  alauca  (L.)  Banth  Ift.id  trat 

Llauatrum  lucldum  Alt.  g’oaay  pr; 

IJ thocarpua  danalflorua  (R.Ur.)  Abrama  ta.')  oak 

Maanoli*  vlr&lnlana  1.  sw^at  bay 

Mahonla  trlgollolata  (Morlc  )  Saala  sftarlta 

Morlnda  rovoc  L.  duppy  poii 

Petit  la  domlnaanala  Walp.  l  lddlawo<»'i 

Porllar la  anauatlfolla  (Engslm.)  Gray  gunyacan  j 

Quercua  doualaall  Hooker  and  Arnott  blue  oak 

Quarcua  wlallaanl  Engalm.  interior  \ 

Sabal  minor  (Jacq.)  Para.  r.srub  rs'i! 

Screnoa  re  Pena  Bartr.  Small 

SmlliKX  app.  rnhc  1.5:1 

Stachytsrpbanta  lamalccnila  %.)  Vahl  In  I 

Vacclnlum  ova  turn  Purah.  .  i  ■  ;'ick  i 

fllamantoaa  k.  , 


Best  Available  Copy 


REPLY  TO 
ATTENTION  OF 


DEPARTMENT  OF  THE  ARMY 
US  ARMY  RESEARCH,  DEVELOPMENT  AND  ENGINEERING  COMMAND 
EDGEWOOD  CHEMICAL  BIOLOGICAL  CENTER 
5183  BLACKHAWK  ROAD 
ABERDEEN  PROVING  GROUND,  MD  21010-5424 


RDCB-DPC-RS 


0  3  MAR  M 


MEMORANDUM^JHRU  Edgewood  Chemical  Biological  Center,  Technical  Director, 
(RDCB-D/Mjx-'^'^nand),  5183  Blackhawk  Road,  Aberdeen  Proving  Ground,  MD  21010-5424 


FOR  RDECOM  Office  of  Chief  Counsel  (AMSRD-CC/Mr.  Brian  May),  5183  Blackhawk  Road, 
APG,MD  21010-5424 


SUBJECT:  RDECOM  Freedom  of  Information  (FOIA)  Request 


1.  References: 

a.  Army  Regulation  380-86,  Classification  of  Former  Chemical  Warfare  and  Biological 
Defense,  and  Nuclear,  Biological,  and  Chemical  Contamination  Survivability  Information,  dated 
22Jun05. 

b.  Army  Regulation  25-55,  The  Department  of  the  Army  Freedom  of  Information  Act 
Program,  dated  1  Nov  97. 

2.  The  request  from  RDECOM  asks  for  release  of  the  following  three  documents  pertaining  to 
agent  orange.  ECBC  subject  matter  experts  have  recommended  allowing  public  release  for  these 
documents. 

a.  Technical  Memorandum  46,  Field  Screening  of  Desiccants  and  Defoliants,  Kenneth  D. 
Demaree,  April  1964. 

b.  Proceedings  of  the  First  Defoliation  Conference,  29-30  July  1963,  published  January 

1964. 

c.  Technical  Report  BWL  16,  Defoliation  and  Desiccation,  Preston,  W.H.,  Downing 
C.R.,  and  Hess,  C.E.,  July  1959. 

3.  The  ECBC  point  of  contact  is  the  undersigned  at  410-436-7232  or  iune.sellers@,us.armv.mil. 


Concur  with  ECBC's  recommendation. 

BRIAN  A.  MAY 

FOIA  Officer,  HQ  RDECOM 

MAY.BRIAN.A  MAY.BRIANA1037481463 

DN:  c=U5,  o=U.S.  Government, 
^  y|  O  1  /I  ^  O  ou^DoD,  ou=PKI,  ou=USA, 

U  J  I  J  cn=MAY.BRIAN.A.1037481463 

Date:  201 1 .03.03  1 5:38:08  -OS'OO 


JUNEK.  SELLERS 
ECBC  Security  Manager 
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